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The overwhelming response to the fourth edition inspired me to bring out this edition. This 
revised and updated edition features answers with explanations to Computer Science and In- 
formation Technology questions from GATE 2012 and 2013. 

The primary intention of this book is to bridge the gap between concept and applica- 
tion. Most of the core subjects from a typical undergraduate curriculum in computer sci- 
ence are covered with sufficient depth and width. This book is a valuable complement to 
a textbook. It helps you identify situations where a particular concept can be applied and 
how to effectively and efficiently apply the concept to solve problems in computer sci- 
ence. Since most of the questions are taken from tests conducted at the national level, this 
book not only gives you a fairly good idea of what is expected out of an undergraduate/ 
graduate student majoring in computer science but also helps you gauge where you stand. 

The summarized features of this book are given below: 

e Excellent coverage of essential topics like C Programming, Mathematical Foundations, 
Automata Theory, Digital Logic and Computer Organization 

e Contains over 2000 Multiple Choice Questions with complete solutions to fully arm the 
student for GATE and other PSU exams 

e Updated with solutions to GATE 2012 and 2013 question papers 


e Includes solutions to questions from GATE 1992 to GATE 2013 


The single most important thing to score high in competitive tests is to identify at the right 
time, subject areas in which you are weak. This book helps you identify such areas. To facili- 
tate this, the questions are grouped subject-wise. This grouping also lets you evaluate your 
understanding in conjunction with the respective coursework. 
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mention the title and author's name as the subject. In case you spot piracy of the book, please 
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A class of 30 students occupy a classroom containing 5 rows of seats, with 8 seats in 
each row. If the students seat themselves at random, the probability that the sixth seat 
in the fifth row will be empty is 

(a) 1/5 (b) 1/3 (c) 1/4 (d) 2/5 

The probability that a randomly selected number that is between 100 and 999 (both 
inclusive) will not contain the digit 7 is 


(a) 16/25 (b) (9/10) (c) 27/75 (d) 18/25 
0.152525252... is same as 
(a) 52/99 (b) 151/990 (c) 51/99 (d) none of the above 


A class is composed of 2 brothers and 6 other boys. In how many ways can all the 
boys be seated at a round table so that the two brothers are not seated together? 


(a) 3600 (b) 3000 (c) 2600 (d) 2050 
The n" order difference of a polynomial of degree n is 
(a) zero (b) one (c) some constant (d) undefined 


Each coefficient in the equation ax’ + bx + c = 0 is determined by throwing an ordinary 
dice. The probability that the equation will have real roots is 


(a) 57/216 (b) 27/216 (c) 53/216 (d) 43/216 

The sum of all numbers greater than 10,000 formed by using the digits 0, 2, 4, 6, 8, 
no digit being repeated in any number, is 

(a) 5199960 (b) 2742790 (c) 2449002 (d) 8411420 


For a game in which 2 partners oppose 2 other partners, six men are available. If every 
possible pair must play against every other pair, the number of games to be played is 


(a) 36 (b) 45 (c) 42 (d) 90 
Let the elements g, h belong to a group G. If O(h) is 2, then O(ghg") is 
(a) 0 (b) 1 (c) 2 (d) 4 
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At any time, the total number of persons on earth who have shaken hands an odd 
number of times has to be 


(a) an even number (b) an odd number 
(c) a prime number (d) a perfect square 
Which of the following are irrational numbers? 
(a) J2 (b) e (c) 10.2 (d) 1.25252525... 
The function f(x) = |—— 
x+1 
(a) is less than 1, for all x (b) equals f(—x) 
(c) equals 1 - f 1 (d) none of the above 
x 

The domain of the function log (log sin(x)) is 
(a) O<x<a2 (b) 2nt<x< Qn+)a,neN 
(c) empty set (d) none of the above 
The system of equations 

x+2y+3z=4 

xtdAyt+2z=3 

x + 4y + uz = 3 
has infinite number of solutions if 
(a) A=2;u=3 (b) A=2;n=4 (c) 3A =2u (d) none of the above 


Let R be a symmetric and transitive relation on a set A. Then 

(a) R is reflexive and hence an equivalence relation 

(b) R is reflexive and hence a partial order 

(c) R need not be reflexive and hence need not be an equivalence relation 
(d) none of the above 

The number of elements in the power set of the set 


HU 1, (2, 35} is 


(a) 2 (b) 4 (c) 8 (d) 3 
If 4(logy 3) + 9(log, 4) = 10(log,. 81), then x is 
(a) 2 (b) e (c) 7 (d) none of the above 


The length of the longest pole that can be made inside a hall of 18-m length, 6-m 
breadth, and 4.5-m height is 

(a) 17.5 m (b) 19.5 m (c) 20m (d) 18.25 m 

Six x’s have to be placed in the squares in the adjacent 
figure, such that each row contains at least one x. This 
can be done in 

(a) 160 ways (b) 180 ways 

(c) 170 ways (d) 26 ways 


Fig. 1.1 
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Out of 100 students, 10 students used to drink milk(M), coffee(C) and tea(T); 20 M and 
C; 30 C and T; 25 M and T; 12 M only; 5 C only and 8 T only. The number of students 
who did not drink any of these is 

(a) 18 (b) 24 (c) 20 (d) 16 

Given the relation R = {(1, 2), (2, 3)}. The minimum number of ordered pairs that must 
be added to this set so that the enlarged relation is reflexive, symmetric and transitive 
is 

(a) 4 (b) 5 (c) 6 (d) 7 

A box contains 2 black, 4 white and 3 red balls. One ball is drawn at random from 
the box and kept aside. From the remaining balls in the box, another ball is drawn at 
random and kept beside the first. This process is repeated till all the balls are drawn 
from the box. The probability that the balls drawn are in the sequence 2 black, 4 white, 
and 3 red is 


1 17 7 13 
a) — b) —— c) —— d) —— 
z 1260 (h) 1260 ©) 1260 o 1260 
2 
The range of the function f (x) = ae is 
+x 
(a) —°9, teo (b) 0, œ (c) —, 0 (d) 0,1 


In calculating the mean and variance of 10 readings, a student wrongly used 52 instead 
of the correct figure 25. If the mean he obtained was 45, then the correct mean is 


(a) 47.3 (b) 43.7 (c) 42.3 (d) impossible to find 
Refer Qn. 24. If the variance he obtained was 16, then the correct variance is 

(a) 43.8 (b) 47.3 

(c) 42.3 (d) impossible to find 

If "C,_; = 36; "C, = 84 and "C,.,, = 126, then the value of ‘r’ is 

(a) 9 (b) 6 (c) 5 (d) 3 

In the interval [0, 2], the equation x = cos(x) has 

(a) no solution (b) exactly one solution 

(c) exactly two solutions (d) an infinite number of solutions 


Ten different alphabets are given. Five-letter words are formed by using these alphabets. 
If any alphabet can be repeated any number of times, how many of these five-letter 
words have at least one alphabet repeated? 


(a) 99748 (b) 87882 (c) 92182 (d) 69760 


5 
The value of the expression *’C,+ > CENE, is equal to 
Jal 


47! ! 
(a) = o > © *c, (d) Cy 


*30. 


31. 


*32. 


*33. 


*34. 


*35. 


*36. 


*37. 


*38. 


MCQs in Computer Science 


The rank of the following (n + 1) x (n + 1) matrix, where a is a real number is 


eee ae ae a” 
Dia an cade a” 
T A er ane a” 
(a) 1 (b) 2 
(c)n (d) dependent on the value of a. 


Let ‘S’ be the standard deviation of ‘n’ numbers. If each of the ‘n’ numbers is multiplied 
by a constant C, then the new standard deviation will be 


(a) CxS (b) sve (c) S (d) none of the above 
Let A be a finite set of size ‘n’. The number of elements in the power set of A x A is 
(a) 2” (b) 2” © 2 (@) 2" 


Probability of an event A happening is 0.4. Probability that in 3 independent trials, event 
A happens at least once is 


(a) 0.064 (b) 0.144 (c) 0.784 (d) 0.4 
If x, y are two real numbers such that x > 0 and xy = 1, then x + y can’t be less than 
(a) 1.5 (b) 1.9 (c) 1.75 (d) 2.0 


Let f(x +y) =f(x) + f), for all x, y. If f(x) is continuous at x = 0, then 

(a) fis continuous at all points 

(b) the number of points of discontinuity of f can’t be infinite 

(c) the number of points of discontinuity of f must be infinite 

(d) none of the above 

Let f(x + y) = f(x) f(), for all x, y. If f(5) = 2 and f’(0) = 3, then f’(5) is equal to 
(a) 1 (b) 5 (c) 6 (d) -1 

Consider the following two statements about the function fx) = |x| (GATE 2007) 
P. f(x) is continuous for all real values of x 

Q. f(x) is differentiable for all real values of x 

Which of the following is true? 


(a) P is true and Q is false. (b) P is false and Q is true. 
(c) Both P and Q are true. (d) Both P and Q are false. 
Suppose A, A2, . . . A39 are 30 sets, each with 5 elements, and B,, Ba, . . . B, are ‘n’ 
sets, each with 3 elements. 
Let YAS U B,=S. 
i=l jal ` 


Each element of S, belongs to exactly 10 of the A,’s and to exactly 9 of the B,’s. The 
value of ‘n’ is 
(a) 25 (b) 45 (c) 40 (d) 20 
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Let S be a set of n elements. The number of ordered pairs in the largest and the smallest, 
equivalence relations on S are (GATE 2007) 
(a) nandn (b) n° andn (c) n? and 0 (d) nand1 
If the cube roots of unity are 1, œ, œf, then the roots of the equation (x — 1} + 8 = 0, 
are 
(a) -1,1+20, 1 + 20° (b) 1, 1 - 20, 1 -20° 
(c) -1, 1 - 20, 1 -20° (d) -1, -1 + 20, -1 + 20? 
f(x) and g (x) are two functions differentiable in [0, 1] such that f (0) = 2; g (0) = 0; 
f C1) = 6; and g(1) = 2. Then there must exist a constant C in 
(a) (0, 1), such that f’(C) = 2g'(C) (b) [0, 1], such that f’(C) = 2g’(C) 
(c) (0, 1), such that 2f’(C) = g’(C) (d) [0, 1], such that 27’(C) = g’(C) 
Let fbe a one-to-one function with domain {x, y, z} and range {1, 2, 3}. It is given that 
exactly one of the following statements is true and the remaining 2 are false: 
F(x) =1 
SQ) #1 
f(z) #2 
Then f~! (1) equals 
(a) 2 (b) x (c) y (d) z 
Let f be a twice differentiable function such that 
f” =- and f’(x) = g(x). Let h(x) = (F + (e. If A(5) = 11, then A(10) is 


(a) 8 (b) 9 (c) 10 (d) 11 
If A and B are two events such that P(A) > 0 and P(B) + 1, then P (A/B) equals 
(a) 1- cao B) (b) 1- P(AUB) 
P(B) P(B) 

(c) Para) (d) 1- P(4A B) 

l P(B) P(B) 
i a where i is y—1, is 
(a) a pure imaginary number (b) a complex number 
(c) an integer (d) areal number 
If p, q, r are three real numbers, then 
(a) max (p, q) < max (p, q; 7) (b) max (p,q) =p +q + Pod 
(c) max (p, q) < min (p, q, r) (d) none of the above 


The number of l’s in the binary representation of (3 x 4096 + 15 x 256+ 5 x 16 + 3) 
is 

(a) 8 (b) 9 (c) 10 (d) 12 

A determinant is chosen at random from the set of all determinants of order 2 with each 
element either 0 or 1 only. The probability that the value of the chosen determinant is 
positive is 

(a) 1/2 (b) 2/7 (c) 3/16 (d) 7/16 
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The number of permutations of ‘n’ different things taken not more than ‘r’ at a time, 


with repetitions being allowed, is 


(m -1) 

(n-1) 

n(n" —1) 
(n-1) 


(a) 


(c) 


(n —1) 

OY Taan 

(a) =) 
n! 


A relation R is defined in N x N, such that (a, b) R (c, d) iff a + d = b + c. The relation 


Ris 
(a) reflexive but not transitive 
(c) an equivalence relation 


(b) reflexive and transitive, but not symmetric 
(d) a partial order 


If log; 10 = (log, k) x (log,m), then the values of k, m, n are 

(a) 10,7,5 (b) —1, 2, 3 (c) 7, 5,3 (d) 7,5, 8 

If V5 + v + i, is one of the roots of the equation f (x) = 0 with rational coefficients, 
then the degree of the given equation can’t be less than 

(a) 5 (b) 6 (c) 7 (d) 8 

Consider the equation x’ — 2x° + 7x* + x° — 9 = 0. The number of imaginary roots will 
be at least 

(a) 2 (b) 3 (c) 4 (d) 5 

If f(a) and f (b) are of the same sign, then the equation f (x) = 0 

(a) has either no root or even number of roots between a and b 

(b) must have at least one root between a and b 

(c) has either no root or odd number of roots between a and b 

(d) has odd number of roots between a and b 

The equation x +x — 8x — 5 = 0 has 

(a) exactly 3 real roots and 2 complex roots 

(b) no complex root 

(c) no real root 

(d) exactly 2 real roots and 3 complex roots 


Any polynomial of even degree in which the last term is negative and the coefficient 


of the highest power is positive, has at least 
(a) 2 positive roots (b) 2 negative roots 
(c) 1 positive root and 1 negative root (d) 2 positive roots and 1 negative root 


When the polynomial fx) is divided by (x — œ) (x — B), a + B, the remainder is given 


by 
(a) G= B)f(@) -(x- a) f(B) 


a-p 
o L0-18) 
œa- p 
The value of log,0 is 
(a) —> 


(c) depends on the base 


œ) = @)S(B)- - B)S(@) 


a-B 
(x — a) f(B) + (x — B) F(a) 
(d) 
a-B 
(b) +0 


(d) undefined 
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If a), a, ..., a, are the roots of the equation x” + nax — b = 0, 
then (a, — a)(a; — a3) ...(a; — a„) equals 


n—l n-1 
n-1 a+ a n-1 a-a 
(a) n(ata )  (b) as (c) n(a-a, ) (d) 7 
The set of all natural numbers is not closed with respect to 
(a) subtraction (b) division (c) addition (d) multiplication 
If |a- b|< n and |b — c| < m, then |a -— c| is 
(a) <n+m (b) < maximum of m, n 
(c) < minimum of m, n (d) < mn 
1 
The domain of the function —————— is 
V(l— x)(x - 2) 
(a) (1, ©) (b) (1, 2) (c) (2, œ) (d) (0, 2) 


A and B play a coin tossing game. They toss a coin alternately. The first one to get a 
head wins. If A starts, the probability of A winning is 


(a) 1/3 (b) 1/2 (c) 2/3 (d) 1/4 
The number of trailing zeroes in 200! (i.e., factorial of 200) is 
(a) 49 (b) 40 (c) 48 (d) 52 


The determinant of a matrix has 720 terms (in the unsimplified form). The order of the 
matrix is 


(a) 5 (b) 6 (c) 7 (d) 8 
The error in using Simpson’s rule is of the order 
(a) he (b) 7 (c) he (d) a 


The domain of the function = is 
af |x|- x 
(a) (=, 0) (b) (0, œ) (c) (0, x) (d) (0, 1) 
A bag contains 10 white balls and 15 black balls. Two balls are drawn in succession. 
The probability that one of them is black and the other white is 
(a) 2/3 (b) 4/5 (c) 1/2 (d) 1/3 
The iteration formula to find the square root of a positive real number b, using the 
Newton—Raphson method is 


3(x, +b xp +h 
Gaga O) x1 = 2 
2X, 2X, 
(c) te = ŽE 2k (d) none of the above 
2 
Xk + b 


If |x -—1| + |x-—2|+|x—-3] = 6, then 

(a) x<Oorx>4 (b) 1l<x<3 (c) x <3 (d x21 
The number of real roots of the equation |x|? — 3|x| +2 = 0 is 

(a) 1 (b) 2 (c) 3 (d) 4 
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. If two fair coins are flipped and at least one of the outcome is known to be a head, what 


is the probability that both outcomes are heads? (GATE 2011) 
(a) 1/3 (b) 1/4 (c) 1/2 (d) 2/3 
Two events A and B have probabilities 0.25 and 0.5 respectively. The probability that 


both A and B occur simultaneously is 0.14. Then the probability that neither A nor B 
occurs is 


(a) 0.25 (b) 0.75 (c) 0.39 (d) 0.11 


A function f(x) differentiable in the interval 0 < x < 5, is such that f(0) = 4 and (5) =-1. 

If g(x) = 2 Sh , then there exists some constant C, 0 < C < 5 such that g’(C) equals 
x+ 

(a) — 2/5 (b) 2/5 (c) — 3/5 (d) — 5/6 

Let S be an infinite set and S1, S2, ..., Sn be sets such that S1 U S2 U ... U Sn = S. Then, 


(a) at least one of the sets Si is a finite set 

(b) not more than one of the sets Si can be finite 
(c) at least one of the sets Si should be infinite 
(d) not more than one of the sets Si can be infinite 


Let A and B be sets with cardinalities ‘m’ and ‘n’ respectively. The number of possible 
one to one mappings (injections) from A to B, when m < n, is 


(a) m” (b) "C, (©) "P, (d) "P, 
Choose the correct answers. 
The set {1, 2, 3} is equal to 
(a) {2, 1, 3} (b) {3, 2, 1} (c) {1, 2, 3, 4} (d) {1, 2, 3, 1} 
If the difference between the expectation of the square of a random variable (E LY *1) 
and the square of the expectation of the random variable (E [X P) is denoted by R, then 
(GATE 2011) 

(a) R=0 (b) R<0 (c) R20 (d) R>0 
Which one of the following options is CORRECT given three positive integers x, y 
and z, and a predicate 

PQ) =A = 1A Yy Az =y* 27> (V=xXV(y=1)) (GATE 2011) 


(a) P(x) being true means that x is a prime number. 

(b) P(x) being true means that x is a number other than 1. 

(c) P(x) is always true irrespective of the value of x. 

(d) P(x) being true means that x has exactly two factors other than | and x. 

In the set of integers, a relation R is defined as aRb, if and only if b = |a|. This relation 
is 

(a) reflexive (b) irreflexive (c) symmetric (d) anti-symmetric 
Let S= {1, 2, 3, 4}. A relation R defined in S as, R = {(1, 2), (4, 3), (2, 2), (2, 1), (3, D} 
is 

(a) transitive (b) symmetric (c) anti-symmetric (d) none of the above 


*82. 


83. 


84. 


*85. 


*86. 


87. 


88. 


89. 


90. 


91. 


92. 


Mathematical Foundations of Computer Science 9 


Let A = {1, 2, 3}. Which of the following relations are functions (mappings)? 

(a) {C, 2), (2, 3), (1, 3)} (b) i0, 2), (2, 2), G, 2)} 

(c) {C, 2), 2, 1), G, 3)} (d {(, 2), (2, 3)} 

Consider the mapping f : X > Y. fis a bijection if and only if 

(a) f(x) =f(y) > x =y, for all x, y (b) range of fis Y 

(c) both (a) and (b) are true (d) the co-domain equals the range 

For a function to be invertible, it has to be 

(a) one-one (b) onto 

(c) both one-one and onto (d) none of the above 

What is the maximum number of different Boolean functions involving n Boolean 
variables? (GATE 2007) 
(a) n° (b) 2” (ea? (d) 2” 

Choose the correct statements. 


(a) Any 7 integers chosen from 1 to 12 should have at least 2 of them summing up to 
13. 

(b) Any 11 integers chosen from 1 to 20 should have at least 2 numbers, such that one 
is a multiple of the other. 

(c) 10 integers, 1 to 10 arranged at random in a circle should have at least 3 successive 
numbers summing up to greater than 16. 

(d) None of the above. 

Choose the correct statement. 

(a) If two graphs G1 and G2 are isomorphic, then they should have the same number 
of vertices and edges. 

(b) If two graphs have the same number of nodes and edges, they have to be isomorphic. 

(c) Loops can’t be present in an isomorphic graph. 

(d) None of the above. 


In any undirected graph, the sum of degrees of all the nodes 

(a) must be even (b) is twice the number of edges 

(c) must be odd (d) need not be even 

(PvQ) ^ (P > R) ^ (Q > S) is equivalent to 

(a) SAR (b) SOR (c) SVR (d) none of the above 
Which of the following are tautologies? 

(a) (PVQ)AQ)@Q (b) (PvP > Q)) > P 

(c) (P70) A P) >Q (d) (P79) A P)> Q 

Identify the valid conclusion from the premises P v Q, Q > R, P > M, M 


(a) PAC(OVR) (b) PA(QAR) (c) RA (Pv O) (d OA (PVR) 
T is a graph with ‘n’ vertices. If T is connected and has exactly n — 1 edges, then 
(a) T is a tree 

(b) T contains no cycles 

(c) every pair of vertices in T is connected by exactly one path 

(d) the addition of a new edge will create a cycle 


*O4, 


*95, 


96. 


97. 


*98. 


99. 


100. 


*101. 


*102 


MCQs in Computer Science 


. If one has to obtain the roots of x? — 2x + log 2 = 0 to four decimal places, log 2 should 


be given to the accuracy of approximately 

(a) 6x 10> (b) 7x 10° (c) 8x 10° (d) 9x 107 
Choose the incorrect statement(s). 

(a) The determinant of a matrix equals the sum of its eigen values. 

(b) A matrix satisfies its characteristic equation. 


(c) The sum of the principal diagonal elements of a matrix equals the sum of its eigen 
values. 


(d) If a row of a matrix is same as one of its columns, its determinant value is 0. 

M is a square matrix of order ‘n’ and its determinant value is 5. If all the elements of M 
are multiplied by 2, its determinant value becomes 40. The value of ‘n’ is 

(a) 2 (b) 3 (c) 4 (d) 5 

In a computer, an n-digit integer a, a 
The error e is 

(a) O<e<s10"! (b) 1l<e<10"-1 (© 0<e<10™!-1(d)0<e<10*!-1 


n-1 +++ & is represented as a, d,_1... 4,4; 00... 0. 


x2 x4 x?” 
1- Ji + iets + (-D ial +... is the expansion of 
(a) & (b) log x (c) cos x (d) sin x 


In the previous question, for 5-digit accuracy, if |x |< a , the number of terms in the 
series that should be considered is 2 

(a) 5 (b) 7 (c) 9 (d) 10 

Which of the following methods gives the least error when e’ is integrated from 0 to 
0.4? 

(a) Trapezoidal rule with the interval width as 0.2 

(b) Trapezoidal rule with the interval width as 0.1 

(c) Simpson’s 1/3 rule with the interval width as 0.1 

(d) Simpson’s 1/3 rule with the interval width as 0.2 


Which of the following laws doesn’t hold good in finite precision floating point arith- 
metic? 

(a) axb=bxXa (b) (a+ b)+c=at(bt+c) 

(c) ax(b+c)=axbt+axc (d) at+a=2xa 

How many different non-isomorphic Abelian groups of order 4 are there? (GATE 2007) 
(a) 2 (b) 3 (c) 4 (d) 5 


/2 j 
. ; ; ; oe 5 cos x +i sin x 
Given i= ,/—1 , what will be the evaluation of the definite integral J — dx? 
) COS X — 7 sin x 


(GATE 2011) 
(a) 0 (b) 2 (c) -i (d) i 
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Consider a finite sequence of random values X = [x], X2, ..., x,]. Let u, be the mean 
and o, be the standard deviation of X. Let another finite sequence Y of equal length be 
derived from this as y, = a * x; + b, where a and b are positive constants. Let 


L, be the mean and o, be the standard deviation of this sequence. Which one of the fol- 
lowing statements is INCORRECT? (GATE 2011) 
(a) Index position of mode of X in X is the same as the index position of mode of Y in 


(b) Index position of median of X in X is the same as the index position of median of Y 
in Y. 


(©) 4, = al, + b 
(d) 0,= a0, + b 
A deck of 5 cards (each carrying a distinct number from 1 to 5) is shuffled thor- 


oughly. Two cards are then removed one at a time from the deck. What is the 
probability that the two cards are selected with the number on the first card being 


one higher than the number on the second card? (GATE 2011) 
(a) 1/5 (b) 4/25 (c) 1/4 (d) 2/5 
Four matrices M,, M,, M, and M, of dimensions p Xx q, q X r,r x s and s X t respectively 


can be multiplied in several ways with different number of total scalar multiplications. 
For example, when multiplied as ((M, x M3) x (M3 x M,)), the total number of scalar 
multiplications is pqr + rst + prt. When multiplied as (((M; x M,) x M3) x M4), the 
total number of scalar multiplications is pgr + prs + pst. 


If p = 10, q = 100, r = 20, s = 5, and t = 80 then the minimum number of scalar multi- 


plications needed is (GATE 2011) 
(a) 248000 (b) 44000 (c) 19000 (d) 25000 
Consider the matrix as given below. 

1 2 3 

04 7 

0 0 3 
Which one of the following options provides the CORRECT values of the eigenvalues 
of the matrix? (GATE 2011) 
(a) 1,4, 3 (b) 3, 7, 3 (c) 7, 3, 2 (d) 1, 2,3 
Consider the following logical inferences. 


I: If it rains then the cricket match will not be played. 
The cricket match was played. 
Inference: There was no rain. 
L: If it rains then the cricket match will not be played. 
It did not rain. 
Inference: The cricket match was played. 
Which of the following is TRUE? (GATE 2012) 
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(a) Both /, and /, are correct inferences 

(b) J, is correct but J, is not a correct inference 
(c) J, is not correct but J, is a correct inference 
(d) Both /, and J, are not correct inferences 


Consider the function f(x) = sin (x) in the interval xe [7/4, 77/4]. The number and loca- 
tion (s) of the local minima of this function are (GATE 2012) 


(a) One, at 7/2 

(b) One, at 37/2 

(c) Two, at 7/2 and 37/2 
(d) Two, at 7/4 and 37/2 


Let A be the 2 x 2 matrix with elements a,, = a,) = a), = +1 and ay, = —1. Then the 

eigenvalues of the matrix A’ are (GATE 2012) 

(a) 1024 and —1024 (b) 1024 V2 and —1024 V2 

(c) 4V2 and -44/2 (d) 5122 and -512 V2 

What is the correct translation of the following statement into mathematical logic? 
“Some real numbers are rational”. (GATE 2012) 

(a) Ax (real(x) v rational(x)) (b) Vx (real(x) > rational(x)) 

(c) Ax (real(x) A rational(x)) (d) Ax (rational(x) > real(x)) 

Consider a random variable X that takes values +1 and —1 with probability 0.5 each. 


The values of the cumulative distribution function F(x) at x =—1 and +1 are 
(GATE 2012) 


(a) 0 and 0.5 (b) 0 and 1 

(c) 0.5 and 1 (d) 0.25 and 0.75 

The bisection method is applied to compute a zero of the function f(x)= x4 — x? — x? — 4 

in the interval [1,9]. The method converges to a solution after iterations. 
(GATE 2012) 

(a) 1 (b) 3 (c) 5 (d) 7 

Let A be the set of all non-singular matrices over real numbers and let * be the matrix 


multiplication operator. Then, 

(a) A is closed under * but <4, *> is not a semi-group 

(b) <A, *> is a semi-group but not a monoid 

(c) <A, *> is a monoid but not a group 

(d) <A, *> is a group but not an abelian group 

Let Graph(x) be a predicate which denotes that x is a graph. Let Connected (x) be a 

predicate which denotes that x is connected. Which of the following first-order logic 

sentences DOES NOT represent the statement: “Not every graph is connected”? 
(GATE 2007) 

(a) AVx (Graph(x) = Connected (x)) (b) Ax (Graph(x) A —Connected (x)) 

(c) Vx (—=Graph(x) v Connected (x)) (d) Vx (Graph(x) = —Connected (x)) 

Suppose we uniformly and randomly select a permutation from the 20! permutations 

of 1, 2,3 ..., 20. What is the probability that 2 appears at an earlier position than any 

other even number in the selected permutation? (GATE 2007) 
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! 
(a) 5 (b) + (c) 2 (d). None of these 
Let A be a 4 x 4 matrix with eigenvalues —5, —2, 1, 4. Which of the following is an 
eigenvalue of k A where Z is the 4 x 4 identity matrix? (GATE 2007) 
(a) -5 (b) -7 (c) 2 (d) 1 
If a function y’ = f(x) has an inverse function, then f(x) can’t be 
(a) symmetric about x-axis (b) an odd function 
(c) symmetric about y-axis (d)none of the above 
For what value of c, will the vector i + cj be orthogonal to 2i — j? 


(a) 0 (b) 1 (c) 2 (d) 3 
The solution of the differential equation y” + 3y’ + 2y = 0, is of the form 
(a) Cie + Ce™ (b) Cje™+Ce™ (c) Ce™”+Ce™ (d) Ce” + Ce™ 


If the proposition “P = Q is true, then the truth value of the proposition `P v (P >Q), 
is 
(a) true (b) multi-valued 
(c) false (d) cannot be determined 
The number of divisors of 600 (including 1 and 600) is 
(a) 24 (b) 22 (c) 23 (d) 25 
1 2 3 
The determinant value of the matrix |4 5 6] is 
5 7 9 
(a) 12 (b) 16 (c) 42 (d) none of the above 
Which of the following elementary operations may affect the rank of a matrix? 


(a) Scalar multiplication 

(b) Adding two rows 

(c) Adding a row with the scalar multiple of another row 
(d) None of the above 


Which of the following will not form an abelian group? 
(a) Addition over the set of natural numbers (b) Subtraction over the set of integers 
(c) Multiplication over the set of integers (d) None of the above 
A group has 11 elements. The number of proper sub-groups it can have is 
(a) 0 (b) 11 (c) 5 (d) 4 
Let A and B be two n x n symmetric matrices. Then 
(a) AA‘ =I (b) A= A! (c) AB = BA (d) (AB)' = BA 
: Sie i ; 
Backward Euler method for solving the differential equation = f(x, y), is specified 
by 5 
(a) Yn+1 © Yn + hf(Xn> Vn) (b) Vn+1—~ Yn T hf (Xp+15 Yn+1) 


(c) Yn+1 ~ Vn-1 + 2hf (Xp, Yn) (d) Yn+1 — (1 a h) f&n a) 
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. Let A and B be two arbitrary events. Then 


(a) P(A A B) = P(A) P(B) (b) P(A U B) = P(A) + P(B) 
(c) P(A/B) = P(A A B) + P(B) (d) P(A U B) < P(A) + P(B) 
The rank of the matrix 

0 0 -3 

9 3 5) is 

3 1 1 
(a) 0 (b) 1 (c) 2 (d) 3 


If (G, *) is an abelian group, then 

(a) x =x", for any x belonging to G 

(b) x= x’, for any x belonging to G 

(c) (x*y)? = xy, for any x, y belonging to G 

(d) G is of finite order 

In a compact single dimensional array representation for lower triangular matrices (i.e., 
all the elements above the diagonal are zero), of order n x n, non-zero elements (i.e., 
elements of the lower triangle) of each row are stored one after the other, starting from 
the first row. The index of the (i, 7)th element of the lower triangular matrix in this new 
representation is 


Sd (jl 
(a) i+j ©) i+j-1 o p wit? 
The number of sub-strings (of all lengths) that can be formed from a character string 
of length n is 

n(n-1 n(n+1 
(a) n (b) W? Cn a “Oe 


In the set of natural numbers, the binary operators that are not associative and not com- 
mutative are 


(a) addition (b) subtraction (c) multiplication (d) division 
A relation R is defined as xRy, if x # y. This relation R is 

(a) symmetric but not reflexive 

(b) symmetric and transitive, but not reflexive 

(c) not reflexive, not symmetric, and not transitive 

(d) an equivalence relation 


The number of subsets of {1, 2, ..., n} of odd cardinality is 
(a) dependent on the value of n (b) 2” "|, if n is odd 
(c) 2”'|, if n is even (d) 2”"', for any value of n 


The probability of an event B occurring is P. The probability that events A and B oc- 
cur together is Q. The probability that A occurs, without B occurring, is R. Then the 
probability of A occurring is 

(a) P+O+R (b) P+O-R (c) O+R (d) P—QO-R 

Let A, B, C be independent events with probabilities 0.8, 0.5, 0.3. The probability of 
occurrence of at least one of these three is 

(a) 0.3 (b) 0.93 (c) 0.12 (d) 0.07 
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The subset of a countable set 

(a) has to be countable (b) may or may not be countable 

(c) has to be finite (d) none of the above 

Every element of some ring (R, +, *) is such that a * a = a. This ring 

(a) is commutative (b) is non-commutative 

(c) may or may not be commutative (d) none of the above 

For the M/G/1 queuing system, the arrival pattern and service time follow 

(a) Poisson and binomial (b) binomial and Poisson 

(c) general and Poisson (d) Poisson and general 

Consider the set {1, 2, 3, 4, 6, 8, 12, 24}, together with the two binary operations LCM 


(Least Common Multiple) and GCD (Greatest Common Divisor). Which of the fol- 
lowing does this algebraic structure represent? 


(a) Group (b) Ring (c) Field (d) Lattice 


The set {1, 2, 3, 4, 6, 8, 12, 24}, together with LCM as the binary operation is not a 
group, because 

(a) it is not closed (b) it is not associative 

(c) identity does not exist (d) inverse does not exist 

The set {1, 2, 3, 4, 6, 8, 12, 24}, together with GCD as the binary operation is not a 
group, because 

(a) it is not associative (b) identity does not exist 

(c) inverse is not unique (d) inverse does not exist 

The following set 

(a) Ox) > P(x) v “R(a) (b) R(a) v Qla) 

(c) O(a) (d) PO) 


where x and y are universally quantified variables, a is a constant and P, Q, R are mo- 
nadic predicates, is 


(a) consistent (b) inconsistent 
(c) may be consistent (d) none of the above 
Let X and Y be sets with cardinalities m and n respectively. If the number of possible 


functions that can be defined with domain X and co-domain Y is exactly 10 then 
(a) m=n=10 (b) m=1;n=10 (c) m=10;n=1 (d) m=5;n=5 


Let F: R°>R’ be the mapping defined by F(x, y) = (z. z) . What will be the image of 


3 
2 2 
ee E 1 under F? 
16 


9 
(a) The circle x? +y = 1 (b) The line = + A =] 
(c) The ellipse xX + y =] (d) None of the above 
A function g is defined as g(x) = f(x)[f/(x) + f-*)]. Which of the following remarks 


about the function g is right? 
(a) g is even for all f (b) g is odd for all f 
(c) gis even if fis even (d) gis even if fis odd 
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148. If xe [0,1], and f(x) and g(x) are defined as f(x) = sn(cos{ ==) and 


g(x) = cos sin( ==) then 


(a) fis monotonic increasing and g is monotonic decreasing 
(b) fis monotonic increasing and g is monotonic increasing 
(c) fis monotonic decreasing and g is monotonic decreasing 
(d) fis monotonic decreasing and g is monotonic increasing 
149. What is the total number of equivalent relations that can be defined on the set {1, 2, 


3}? 
(a) 8 (b) 64 (c) 5 (d) 3 

*150. Cube roots of unity form a cyclic group under multiplication. For this group, 
(a) @ is the only generator (b) œ, œ? are the only generators 
(c) œ? is the only generator (d) none of the above 


*151. The value of lim x log x is 
x70 


(a) = (b) ~ (c) 1 (d) 0 


*152. The function f(x) is continuous in [0, 1], such that f(0) = TO = ] and f(1) =-1. 
We can conclude that 2 
(a) fattains the value zero at least twice in [0, 1] 
(b) f attains the value zero exactly once in [0, 1] 
(c) fis non-zero in [0, 1] 
(d) f attains the value zero exactly twice in [0, 1] 


*153. The sum of the infinite series DS ke, where —1 <x < 1, is 
k=l 
x x x? 1 
(a) O a5 ae (d) 
*154. Which of the following is not a linear transformation? 
(a) f: R? — R defined by f(x, y, z) = (x, 2) 
(b) f: R? > R? defined by f(x, y, z) = (x, y — 1, 2) 
(c) f: R? > R defined by f(x, y) = (2x, y — x) 
(d) f: R? > R? defined by f(x, y) = (y, x) 
*155. Ifthe determinant of an n x n matrix A is zero, then 
(a) rank of A is n 
(b) rank of A <n-2 
(c) A has at least one zero eigen value 
(d) the system of equations Ax = 0 has no solution other than the trivial solution 
156. A is a2 x 2 matrix with eigen values 2 and —3. The eigen values of the matrix A? 
(a) are 4 and —9 (b) are 2 and -3 
(c) are 4 and 9 (d) cannot be determined from the given data 
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Among any n + 1 distinct positive integers less than or equal to 2n, we can always find 
(a) n numbers that are relatively prime to 2n 

(b) two numbers that are relatively prime to each other 

(c) two prime numbers 

(d) none of the above 


Let X, and X, be any two unit vectors in R?. The angle between the two planes X 1 X 
= c and X, - X = 2c, where c is a constant, is given by 

XiX 
(a) 0 (b) oa (c) X, > X, (d) none of the above 
If (x1, x2, x3) X (1, 3, 1) = (2, 1, 6), where x denotes the vector product, then (x1, x, x3) 
is given by 
(a) (0, 1, 1) (b) (m, 0, 1 — m) for all real m 
(c) (-1, 2, -7) (d) there does not exist any such (xj, x, x3) in R? 
Which of the following is a cube root of the complex number —27i? 


(a) -3i (b) -3/2(V3+) ©) -32(V3-) (A 3 (V3 -1) 
Suppose a system has been evolved by extraterrestrial creatures having only 3 fingers. 
They use the figures 0, 1, 2 with 2 > 1 > 0. What will be the binary equivalent of 222 
in this system? 

(a) 101010 (b) 11000 (c) 10110 (d) 11010 


If you want to retain the first 4 bits of given string of 8 bits and complement the last 4 
bits then the correct mask and the operation should be 


(a) XOR and 00001111 (b) XOR and 11110000 

(c) AND and 00001111 (d) OR and 11110000 

Which of the following logical operation almost resembles an arithmetic multiplication 
operation? 

(a) OR (b) AND (c) NOR (d) XOR 

To change lower case to upper case letters in ASCII, the correct mask and operation 
should be (ASCII value of character A is 65 and character a is 97) 

(a) 0100000 and NOR (b) 0100000 and OR 

(c) 0100000 and NAND (d) 1011111 and AND 
Consider the nested for loop 
for Il = 1 to N 

for I2 = 1 to TI 

for I3 = 1 to 12 


for Ik = 1 to I(k-1) 
PRINT Il, 12, 13, ..., Ik 


How many times is the PRINT statement executed? 
(a) iN (b) SNE (c) EENEN (d) ENED O 
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The next three questions are based on the following assumptions. 


Let f(x) represent the largest integer less than or equal to x. Let g(x) represent the small- 
est integer greater than or equal to x. 


166. Which of the following remark(s) will be true for any x? 


(a) g(x) = f(x) + 1 b) fœ = g@) (c) fx) =—g(x) (d) all of the above 
167. Which of the following, lists f(x), g(x), x, x-1 and x+1 in a non-decreasing sequence? 


(a) x-1, x, g(x), f(x), x+1 (b) x-1, x, f(x), g(x), x+1 
(c) x-1, f(x), x, g(x), x+1 (d) x, x, g(x), x+1, fŒ) 
168. x mod y is 
(a) x- yf(x) (b) x- xf) (c) x- (>) (d) x- #(*] 
169. For n> 2, the equation x” + y” = z”, has no solution in positive integers. This is 
(a) Fermat’s last theorem (b) Ramanujan Ecumenical theorem 
(c) Newton’s last theorem (d) Fermat’s lost theorem 
*170. Which of the following values of x, y, and z, satisfies the equation x + y =7? 
(a) x = 121, y = 407, z = 887 (b) x = 777, y = 333, z= 101 
(c) x=7,y=47,z=57 (d) None of the above 
*171. Which of the following values of x, y, and z, satisfies the equation x + y =7? 
(a) x = 122, y = 406, z = 887 (b) x = 778, y = 334, z = 101 
(c) x= 8, y =47,z= 58 (d) None of the above 
*172. According to the principle of logic, an implication and its contrapositive must be 
(a) both true or both false (b) both true 
(c) both false (d) none of the above 
173. If an implication and its converse are both true, then they can be combined using 
(a) if and only if (b) as long as (c) if...then...else (d) such that 


*174. Associate a code with each letter of the alphabet such that the code of an alphabet is 
its position in the alphabet set. For example, code of c is 3, y is 25 etc., What can you 
say about the word that is made up of alphabets whose product of the codes is 637245? 
(a) It must have at least two B’s. (b) It must have at least two Y’s. 
(c) It must have at least two Z’s. (d) It must have at least two Q’s. 

*175. Associate a code with each letter of the alphabet such that the code of a letter is its 
position in the alphabet set. For example, code of c is 3, y is 25 etc. Find the word that 
is made up of the letters whose product of the codes is 124950. 
(a) Impossible to find. (b) No such word exists. 
(c) The word is DELHI. (d) None of the above. 

*176. Associate a code with each letter of the alphabet such that the code of a letter is its 
position in the alphabet set. For example, code of c is 3, y is 25, etc. Find the word 
that is made up of the letters whose product of the codes is 3135. 
(a) The word is CHESS. (b) No such word exists. 


(c) More than one such word exist. (d) None of the above. 
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Associate a code with each letter of the alphabet such that the code of a letter is its 
position in the alphabet set. For example, code of c is 3, y is 25, etc. Find the word 
that is made up of the letters whose product of the codes is 1265. 


(a) The word is WASP. (b) No such word exists. 

(c) More than one such word exist. (d) None of the above. 

What is the largest 10-digit integer, containing all the numerals 1,2,3,4,5,6,7,8,9,0, that 
is divisible by 4? 

(a) 9876543210 (b) 987654204 

(c) 9876543120 (d) None of the above 

What is the largest 10-digit integer, containing all the numerals 1,2,3,4,5,6,7,8,9,0, that 
is divisible by 8? 

(a) 9876543210 (b) 987654204 

(c) 9876543120 (d) None of the above 

What is the smallest 10-digit positive integer, containing all the numerals 
1,2,3,4,5,6,7,8,9,0, that is divisible by 8? 

(a) 1023456789 (b) 01234567968 

(c) 1023457986 (d) None of the above 

What is the largest 10-digit integer, containing all the numerals 1,2,3,4,5,6,7,8,9,0, that 


is divisible by 11? 

(a) 9876543210 (b) 987654204 (c) 9876524130 (d) 9876543120 
Manoj had 4 pairs of identical black socks and 5 pairs of identical green socks in a box. 
With his eyes closed, he took them out one by one. How many socks should he take 
out before he is guaranteed to have a matching pair? (Assume that what is taken out 
is not put back.) 

(a) 3 (b) 5 (c) 6 (d) 10 

Ramu had 2 pairs of identical yellow socks, 3 pairs of identical blue socks, 4 pairs of 
identical green socks, and 5 pairs of identical red socks in a box. With his eyes closed, 
he took them out one by one. How many socks should he take out before he is guar- 
anteed to have a pair of red socks? (Assume that what is taken out is not put back.) 
(a) 5 (b) 6 (c) 15 (d) 20 

Manoj had 4 pairs of black shoes and 5 pairs of green shoes in a box. With his eyes 
closed, he took them out one by one. How many shoes should he take out before he 
has a matching pair? (Assume that what is taken out is not put back.) 

(a) 5 (b) 6 (c) 10 (d) 14 

Gopal was given an apple and a knife. He was asked to make it into a cube. What is the 
minimum number of cuts that he needs to make? 

(a) 4 (b) 6 (c) 8 (d) 12 

Sankar asked Saleem to cut his chappathi into as many pieces as possible in 3 cuts. No 
piece can be moved until the third cut. Saleem did it right. How many pieces did he 
make? 

(a) 5 (b) 6 (c) 7 (d) 8 
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Akbar asked Amar to cut his chappathi into as many pieces as possible in 4 cuts. No 
piece can be moved until the fourth cut. Amar did it right. How many pieces did he 
make? 
(a) 8 (b) 9 (c) 10 (d) 11 
A can is filled with 5 paise coins. Another can is filled with 10 paise coins. Another 
can is filled with 25 paise coins. All the cans are given wrong labels. If the can labeled 
25 paise is not having the 10 paise coins, what will the can, labeled 70 paise have? 
(a) 25 paise (b) 5 paise 
(c) 10 paise (d) Cannot be determined 
A can is filled with 5 paise coins. Another can is filled with 10 paise coins. Another can 
is filled with 5 and 10 paise coins. All the cans are given wrong labels. You need to 
identify the can that has the 10 paise coins in it. You are allowed to inspect only one 
coin from a can, of your choice. Which can must you choose? 
(a) The can that is filled with 5 paise coins. 
(b) The can that is filled with 10 paise coins. 
(c) The can that is filled with 5 and 10 paise coins. 
(d) Cannot be determined. 
Sami wrote 5 different letters. He prepared 5 different envelopes for the 5 letters. If he 
randomly distributed the 5 letters to the 5 envelopes, what is the probability that each 
letter gets into the correct envelope? 

1 1 1 1 
(a) 5 (b) 3 (c) o (d) 100 
Priya takes 6 minutes to walk to her school from her house. Bianca who lives in the 
same house can walk the same distance 8 times in an hour. Who walks faster? 
(a) Priya 
(b) Bianca 
(c) Cannot be determined from the facts given 
(d) None of these 
Vinod took a certain number of tests. Out of 10, his scores on the first 9 tests were 1, 
2, 3, 4, 5, 6, 7, 8, and 9. In all the other tests, he scored 10 out of 10. If his average 
score is 9, how many tests did he take? 
(a) 40 (b) 50 (c) 60 (d) None of these 
AB and XY are 2 two-digit numbers. A, B, X, and Y are assigned values from 5, 6, 8, and 
9. How should the assignment be done so that AB — XY is minimum? Assume AB — XY 
is positive. 
(a) 4=9, B=5, X= 8, and Y=6 (b) 4=9, B=8, X=5, and Y=6 
(c) A4=9, B=5, X =6, and Y=8 (d) None of these 
10 machines can cut 100 papers in 10 minutes. How many minutes does it take 20 ma- 
chines to cut 200 papers? 
(a) 10 (b) 20 (c) 30 (d) 40 
10 machines can cut 100 papers in 10 minutes. How many papers will be cut by 5 ma- 
chines in 1 hour? 
(a) 200 (b) 300 (c) 400 (d) 500 
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Siva, Varma, and Patil ran a 100 meter race. Siva finished first beating Varma by 20 
meters, and Patil by 30 meters. If Varma and Patil run a 100 meter race, with Varma 
giving Patil a head start of 10 meters, who will win the race? 


(a) Siva (b) Varma 
(c) Patil (d) Cannot be determined from the given facts. 


A six-digit number 123ABC is exactly divisible by 5, 7, and 9. How many such pos- 
sible numbers are there? 


(a) 2 (b) 3 (c) 4 (d) 5 
A train that is traveling at 60 km/h enters a tunnel. Any passenger was in the tunnel 


for 3 seconds. The train took 30 seconds to completely come out of the tunnel. What 
is the length of the train in meters? 


(a) 400 (b) 500 (c) 600 (d) None of these 
Here are the statements of 4 boys. 

Mani: Subbu ate it. 

Subbu: Joshi ate it. 

Kumar: I didn’t eat it. 

Joshi: I didn’t eat it. 

Only one of them is telling the truth. Who ate it? 

(a) Mani (b) Subbu (c) Kumar (d) Joshi 


*200. AB and BA are 2 two-digit numbers such that AB + BA = CAC. What is A+B+C? (As- 
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sume C is not 0) 

(a) 13 (b) 14 (c) 15 (d) None of these 
You are given a 3-liter can, a 5-liter can, and a bucket of water. You need to use only 
these two cans to get exactly 4 liters of water in the 5 liter can. Is it possible? 

(a) Yes. (b) No. 

(c) No. But, possible if the 4 liters is to be in the bucket. (d) None of these. 

A railway track passes through a tunnel. Raman and Gopal are at the same place inside 
the tunnel at a distance of two fifth from one end, when they heard the sound of a 
train approaching the tunnel, Raman ran towards one end of the tunnel and Gopal ran 
towards the other immediately. They both ran at a speed of 15 mi/h. Both of them just 
managed to escape. The speed of the train in miles per hour is, 


(a) 75 (b) 83 

(c) 84 (d) cannot be determined from the given facts 
There are 3 bulbs inside a room. There are 3 switches outside the room. You can enter 
the room only once. Is it possible to find which switch controls which bulb? 

(a) Yes. 

(b) No. 


(c) No, but possible if allowed to go into the room more than once. 
(d) None of these. 
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Two people at the two ends of a long straight road tunnel of length 150 km start at two 
bikes facing each other at 25 km/h and 50 km/h respectively. At the same moment, a 
bird starts flying from one end at 100 km/h towards the other end until it meets the 
other person. Once it meets, it reverses direction, and starts flying towards the other 
person. The bird continues this pattern until the bikes collide head-on. What is the total 
distance traveled by the bird in kilometers? 


(a) 100 (b) 200 (c) 300 (d) 400 

What is the minimum number of standard weights that can measure any of 1, 2, 3, 4, 
5, 6, 7, 8 kg? 

(a) 2 (b) 3 (c) 4 (d) 5 

Suppose a fair six-sided die is rolled once. If the value on the die is 1, 2, or 3, the die 
is rolled a second time. What is the probability that the sum total of values that turn 


up is at least 6? (GATE 2012) 
(a) 10/21 (b) 5/12 (c) 2/3 (d) 1/6 

How many squares do you see in Fig. 1.2? 

(a) 12 (b) 13 (c) 1 (d) 20 


A rice seller has a balance to measure any quantity of rice that could weigh between 
1-40 kg as a whole number. The minimum number of standard weights needed is 

(a) 4 (b) 5 

(c) 6 (d) 7 

The probability that it will rain today is 0.5. The probability that 
it will rain tomorrow is 0.6. The probability that it will rain either 
today or tomorrow is 0.7. What is the probability that it will rain 
today and tomorrow? 


Fig. 1.2 

(a) 0.3 (b) 0.25 
(c) 0.35 (d) 0.4 
The determinant of the following matrix is 

6 -8 1 1 

0 24 6 

0 04 8 

0 0 0 =l 
(a) 11 (b) —48 (c) 0 (d) —24 


Let A = (a,,) be a n-rowed square matrix and J,, be the matrix obtained by interchanging 
the first and the second rows of the n-rowed identity matrix. Then A/,, is such that its 
first 


(a) row is same as the second row 

(b) row is same as the second row of A 

(c) column is the same as the second column of A 
(d) row is all zero 
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*212. What is the maximum value of the function f(x) = 2x? — 2x + 6 in the interval [0, 2]? 


(a) 6 (b) 10 (c) 12 (d) 5.5 
*213. Given ,/(224), = (13), the value of radix r is 

(a) 10 (b) 8 (c) 5 (d) 6 
*214. The number of possible equivalence relations on the set {1,2,3,4} is 

(a) 15 (b) 16 (c) 24 (d) 4 


215. Which of the following propositions is a tautology? 


(a) (pVg)>p b pya->p) (c) pV (p> q) (d) p> p >q) 
216. Let R be a reflexive and transitive relation defined on a set D. A new relation £ is defined 
on set D such that 


E= { (a,b) | (a,b) € R and (b,a) € R } 
The relation F is 


(a) a partial order (b) a total order 
(c) an equivalence relation (d) none of the above 

*217. How many onto (or surjective) functions are there from an n-element (n 2 2) set to a 
2-element set? (GATE 2012) 
(a) 2” (b) 2”-1 (c) 2”-2 (d) 2(2”— 2) 

*218. A binary operation ® on a set of integers is defined as x ® y = x° + y”. Which one of 
the following statements is TRUE about ©? (GATE 2013) 
(a) Commutative but not associative (b) Both commutative and associative 
(c) Associated but not commutative (d) Neither commutative nor associative 


*219. Consider the set S= {a, b, c, d}. Consider the following 4 partitions 7, m, 7, 74 on S: 
T = {abcd}, m= {ab, cd}, ™ = {abc, d}, n4= {a,b,7,d }. Let < be the partial order 
on the set of partitions S’ = {7,, m, m3, m4} defined as follows: m; < 7; if and only if 


z; refines 7. The poset diagram for (S’, <) is (GATE 2007) 
(a) 7? (b) 
T 
To @ 
T2 T4 
T3 F 
T4 @ T3 
™ 
(c) (d) 
T2 
To T3 T 13 


T4 T4 
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Consider the set of (column) vectors defined by X = {x € R>| xi +X +x, = 0, 

where x’ = [x], x5, x3] }. Which of the following is ture? (GATE 2007) 

(a) {[1, —1, 0]’, [1, 0, -1]’} is a basis for the subspace X. 

(b) {[, -1, oy’, [1, 0-1] is a linearly independent set, but it does not span X and 
therefore is not a basis of X. 

(c) X is not a subspace of RÈ. 

(d) None of the above. 


Xn 
Consider the series x„+ = 5 + = , Xọ = 0.5 obtained from the Newton—Raphson 
method. The series converges to (GATE 2007) 
(a) 1.5 (b) V2 (c) 1.6 (d) 1.4 


Statement for Linked Answer Questions 222 and 223: 


Suppose that a robot is placed on the Cartesian plane. At each step it is allowed to move 
either one unit up or one unit right, i.e., if it is at (7, j) then it can move to either (i + 1, j) or 
(i, 7 + 1). 

How many distinct paths are there for the robot to reach the point (10, 10) starting from 
the initial position (0, 0)? (GATE 2007) 


(a) ia (b) 2” (c) 2! (d) None ofthe above 


Suppose that the robot is not allowed to traverse the line segment from (4, 4) to (5, 4). 
With this constraint, how many distinct paths are there for the robot to reach (10, 10) 


starting from (0, 0)? (GATE 2007) 
(a) 2° (b) 2” 
8 11 20 8 11 

© (Jls) © (io)-(a)x(5) 

. x-sinx 

lim t———— equals (GATE 2008) 
xe X + COSX 
(a) 1 (b) -1 (c) œ (d) -> 
If P, O, R are subsets of the universal set U, then (P AQ ARJU (FAQAR) u Q 
U R° is (GATE 2008) 
(a) OU R® b) PUO URS O PUOUR dU 
The following system of equations (GATE 2008) 


xi +X) + 2x; = 1 
xı + 2x, + 2x, =2 
xX, + 4x, + ax, = 4 
has a unique solution. Possible value(s) for œ is/are 
(a) 0 (b) either 0 or 1 
(c) one of 0, 1 or —1 (d) any real number other than 5 
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1 R 
The Newton—Raphson iteration x,4) = al» + z) can be used to compute the 


n 


(GATE 2008) 


(a) square of R (b) reciprocal of R 

(c) square root of R (d) logarithm of R 

Let P = > i and Q= > i, where k is a positive integer. Then (GATE 2008) 
1<i<2k 1<i<2k 
i odd i even 

(a) P=QO-K (b) P=O+K (c) P=Q (d P=QO+2K 

A point on a curve is said to be an extremum if it is a local minimum or a local maxi- 


mum. The number of distinct extrema for the curve 3x* — 16x° + 24x” + 37 is 
(GATE 2008) 
(a) 0 (b) 1 (c) 2 (d) 3 
Aishwarya studies either computer science or mathematics every day. If she studies 
computer science on a day then the probability that she studies mathematics the next 
day is 0.6. If she studies mathematics on a day then the probability that she studies 
computer science the next day is 0.4. Given that Aishwarya studies computer science 
on Monday, what is the probability that she studies computer science on Wednesday? 
(GATE 2008) 


(a) 0.24 (b) 0.36 (c) 0.4 (d) 0.6 
How many of the following matrices have an eigenvalue 1? (GATE 2008) 
1 0 0 1 1 -l -1 0 
h 1 I ‘| i i ae 1 H 
(a) One (b) Two (c) Three (d) Four 
Let fsa and pda be two predicates such that fsa(x) means x is a finite state automaton, 


and pda(y) means that y is a pushdown automaton. Let equivalent be another predicate 
such that equivalent (a, b) means a and b are equivalent. Which of the following first- 
order logic statements represents the following: (GATE 2008) 


Each finite state automaton has an equivalent pushdown automaton. 
(a) (Vx fsa(x)) = (Ay pda(y) A equivalent (x, y)) 

(b) ~ Vy (Ax fsa(x) = pda(y) v equivalent (x, y)) 

(c) Vx dy (fsa(x) A pda(y) A equivalent (x, y)) 

(d) Vx 3y (fsa(y) A pda(x) A equivalent (x, y)) 


P and Q are two propositions. Which of the following logical expressions are equivalent? 
(GATE 2008) 
I. Pv Q 
Il. “CPA gQ) 


Il. (PAO) Vv (PaO) Vv CP.A~O) 
IV. (PAO) v (PAO) V CP AQ) 
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(a) Only I and II (b) Only I, II and IH 
(c) Only I, II and IV (d) All of I, II HI and IV 
Which one of the following in NOT necessarily a property of a group? 


(GATE 2009) 
(a) Commutativity (b) Associativity 
(c) Existence of inverse for every element (d) Existence of identity 
Consider the binary relation R = {(x,y), (x.z), (z,x), (z,v)} on the set {x,y,z}. Which one 
of the following is TRUE? (GATE 2009) 
(a) R is symmetric but NOT antisymmetric. 
(b) R is NOT symmetric but antisymmetric. 
(c) Ris both symmetric and antisymmetric. 
(d) R is neither symmetric nor antisymmetric. 
An unbalanced dice (with 6 faces, numbered from 1 to 6) is thrown. The probability 
that the face value is odd is 90% of the probability that the face value is even. The 
probability of getting any even numbered face is the same. 
If the probability that the face is even given that it is greater than 3 is 0.75, which one 
of the following options is closest to the probability that the face value exceeds 3? 


(GATE 2009) 
(a) 0.453 (b) 0.468 (c) 0.485 (d) 0.492 


For the composition table of a cyclic group shown below 

* a b c d 

a a b c d 

b b a d c 

c c d b a 

d d c a b 

(GATE 2009) 

Which one of the following choices is correct? 
(a) a, b are generators (b) b, c are generators 
(c) c, d are generators (d) d, a are generators 
Which one of the following is the most appropriate logical formula to represent the 
statement: (GATE 2009) 


“Gold and silver ornaments are precious” 

The following notations are used: 

G(x): x is a gold ornament. 

S(x): x is a silver ornament. 

P(x): x is precious. 

(a) Vx (P(x) > (G(x) a S(x))) (b) Vx (G(x) A S(x)) > P(x) 
(c) dv (GQ) A S(x)) > P(e) (d) Vx (GQ) v S(x)) > PŒ) 
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m/4 
au dx evalutaes to (GATE 2009) 
1+ tanx 
(a) 0 (b) 1 (c) In2 (d) ln 2 
Consider the following well-formed formulae: 
I. ~Vx(P(x)) Il. ~ax(P(x)) m. -dx(-P(@)) IV. Ax(-P(x)) 
Which of the above are equivalent? (GATE 2009) 
(a) I and II (b) I and IV (c) II and III (d) II and IV 
Newton-Raphson method is used to compute a root of the equation x? — 13 = 0 with 3.5 
as the initial value. The approximation after one iteration is (GATE 2010) 
(a) 3.575 (b) 3.677 (c) 3.667 (d) 3.607 


What is the possible number of reflexive relations on a set of 5 elements? 
(GATE 2010) 


(a) 2! (b) 2" (c) 2° (d) 225 
Consider the set S = {1, œ, o}, where œ and œ? are cube roots of unity. If * denotes 
the multiplication operation, the structure (S, *) forms (GATE 2010) 
(a) a group (b) a ring 

(c) an integral domain (d) a field 

1" 

What is the value of lim(1 = 1) ? (GATE 2010) 
(a) 0 (b) e? (c) e? @ 1 


Consider a company that assembles computers. The probability of a faulty assembly of 
any computer is p. The company therefore subjects each computer to a testing process. 
This testing process gives the correct result for any computer with a probability of q. 


What is the probability of a computer being declared faulty? (GATE 2010) 

(a) p+ -p -g (bo) (A -g)p 

(c) (1 -p)q (d) pq 

What is the probability that a divisor of 10° is a multiple of 10°°? (GATE 2010) 
16 4 12 1 

(a) FF (b) T (c) A (d) oe 

Consider the following matrix: (GATE 2010) 


2 3 
A= 
x y 
If the eigenvalues of A are 4 and 8, then 
(a) x=4,y=10 (b) x=5,y=8 (c) x=-3,y=9 (d) x=-4,y = 10 
Suppose the predicate F(x, y, £) is used to represent the statement that person x can fool 


person y at time ¢. Which one of the statements below expresses best the meaning of 
the formula Vx dy dt CFx, y, À)? (GATE 2010) 
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(a) Everyone can fool some person at some time. 

(b) No one can fool everyone all the time. 

(c) Everyone cannot fool some person all the time. 

(d) No one can fool some person at some time. 

Suppose p is the number of cars per minute through a certain road junction between 5 


p.m. and 6 p.m., and p has a Poisson distribution with means 3. What is the probability 
of observing fewer than 3 cars during any given minute in this interval? 


(GATE 2013) 


(a) 8/(2e°) (b) 9/(2e°) (c) 17/(2e°) (d) 26/(2e°) 
lx x 
Which one of the following does NOT equal l y y’|? (GATE 2013) 
Lz z 
2 
1 x(x+1) x+1 1 x+l x+1 
@) i yo+) ysl b) I y+1 y+] 
1 z(z+1) z+1 1 z+l 241 
0 x-y yoy 2 x+y rey’ 
(c) 0 y-z yar (d) 2 yz ytz 
1 Z. z 1 Z z? 
Which one of the following functions is continuous at x = 3? (GATE 2013) 
2, if x=3 
x-l if x>3 4, if x=3 
(a) f(x) = (b) f(x) = . 
x+3 . 8-x if x43 
— if x<3 
3 
x+3 if x<3 P 1 7 
OPO nen a O fo)= 3 ifr 


Function fis known at the following points: 


x 0 03 | 06 |09 | 1.2 | 1.5 1.8 |21 | 2.4 |27 | 3.0 
F (x0) 0 0.09 | 0.36 | 0.81 | 1.44 | 2.25 | 3.24 | 4.41 | 5.76 | 7.29 | 9.00 


3 
The value of J, f(x)dx computed using the trapezoidal rule is (GATE 2013) 
(a) 8.983 (b) 9.003 (c) 9.017 (d) 9.045 
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*253. Given digits 2,2,3,3,3,4,4,4,4 how many distinct 4-digit numbers greater than 3000 can 


*254. 


be formed? (GATE 2010) 
(a) 50 (b) 51 (c) 52 (d) 54 

What is the logical translations of the following statement? 

“None of my friends are perfect.” (GATE 2013) 
(a) dx(FQ@)A7 P(x)) (b) Ax(AFQ@)aA PO)) 

(c) dx(AF@)AaP(x)) (d) —~ax (Fœ) P(x) 


101. 
105. 


a aweoeaqoedqdgeaaqaeanvnanoegqeqgexeemwenmaensfs aaronaseaaoaa 


v 


2. d 3. b .a 
6. d Toa 8. b 
10. a 11. a,b 12. d 
14. d 15. c 16. c 
18. b 19. d 20. c 
22. a 23. d 24. c 
26. d 27. b 28. d 
30. a 31. a 32. b 
34. d 35. a 36. c 
38. b 39. b 40. c 
42. c 43. d 44. a 
46. b 47. c 48. c 
50. c 51. a 52. d 
54. a 55. a 56. c 
58. c 59. a 60. a,b 
62. b 63. c 64. a 
66. c 67. a 68. c 
70. a 71. d 72. a 
74. d (rar 76. c 
b, d 78. c 79. a 80. d 
82. b,c 83. c 84. c 
86. a, b, c 87. a 88. a, b 
90. a, d 91. c,d 92. a,b,c,d 
94. a, d 95. b 96. a 
98. b 99, c 100. b, c,d 
102. d 103. d 104. a 
106. a 107. b 108. d 
110. c 111. c 112. b 
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129. 


141. 
145. 
149. 


157. 


TrTFar,wrnaqaegrcaoaasvsvaoaqoag*geg§saoweaeqgrnaoaqoqorFrfreerernenaarTrncaoe#gengnwrteears DOA 


O 


A 


MCQs in Computer Science 


114. 
118. 
122. 
126. 
130. 
134. 
138. 
142. 
146. 
150. 
154. 
158. 
162. 
166. 
170. 
174. 
178. 
182. 
186. 
190. 
194. 
198. 
202. 
206. 
210. 
214. 
218. 
222. 
226. 
230. 
234. 
238. 
242. 
246. 
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Sat $A 


14. 


15. 


. Itis 


. Probability that the unit digit is not 7 is 9/10. 


Probability that the tens digit is not 7 is 9/10. 
Probability that the hundreds digit is not 7 is 8/9. 
So, the probability that all the three digits are not 7 is (9/10) (9/10) (8/9) = 18/25. 


. Let x = 0.15252525... 


1000x — 10x = 151. So, x = 151/990 


. The required value is, number of arrangements without restriction — number of arrange- 


ments with restriction. That is 
(8—1)! — (7-1)! 2! = 6! (7-2) = 3600 


. The converse is also true. 
. Total cases is 6 X 6 X 6 = 216 


For real roots b? > 4 ac 
When b° = 36, ac can’t be 10, 11, 12... 
When ac is 1, b can take the 5 values 2, 3, 4, 5, 6. 


When ac is 2, either a= 1, b= 2 or a= 2, b = 1. When ac = 2, b can take the 4 values 
3, 4, 5, 6. So, total 4 + 4 = 8 possible values. Continuing this way, we find there are 43 
possible cases. Hence the required probability is 43/216. 


. Including 0 occupying the most significant position, the sum will be 


24 (2+4+6 +8) (10000 + 1000 + 100 + 10 + 1) = 24 x 20x 11111 I 


Out of these, 0 occupies the most significant place in 4! numbers. Sum of these will be 
(4!/4(2 +4 + 6 + 8) (1000 + 100 + 10 + 1)=6x 20x 1111 . Hl 


I — II gives the result. 


fC xC _ 4s 


. O(h) is 2, implies hh = e (e is the identity element of the group). 


Now, (ghg ')\(ghg ') = gh(g 'g)hg' = g(hh)g' = gg! = e. 
So, O(ghg”') is 2. 


. log sin (x) > 0 > sin x > e’. This is impossible because the value of sin cannot be greater 


than 1. 

Only when A = 4 and u = 2, we have 2 equations in three variables, giving infinitely many 
solutions. 

Let aRb. Since the relation is symmetric, bRa. Since transitivity holds good, aRb and bRa 
imply bRb and aRa. If R has to be an equivalent relation, it has to be reflexive, ie., for 
any x belonging to A, xRx should be valid. Hence, R need not be reflexive. So it need 
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not be an equivalent relation. For example, let A = {1, 2, 3}. Let R = {(1, 2), (2, 1), 
(1, 1), (2, 2)}. R is both symmetric and transitive but not reflexive as (3, 3) is missing. 


The set has 3 elements. So the power set has 2? = 8 elements. 
It is 9. 


It is 4/18? +6? + (4.5) 


Out of the 8 available squares, 6 can be selected in E = 28 ways. This includes the two 
possibilities which are not allowed. These two possibilities are — One with top row 
empty and the other with the bottom row empty. So, there are 28 — 2 = 26 possibilities. 
The required number is 100 — (10 +20 + 15 + 10 + 12 + 5 + 8) = 20. 

Solving the three equations we get n = 9 and r = 3. 

Consider the function f(x) = x — cos (x). f(0) is 0 — 1 = —1, a negative number. f(7) is 
m- (-1)= a+ 1, a positive number. So, the function will have an odd number of roots 
(Ref Qn. 54) in the interval [0, z]. Also, it cannot have infinitely many roots as cos (x) 
oscillates in [-1, 1], while (y =) x increases monotonically and so infinite solution is 
impossible. Hence the answer is option b. 


It is 10° — "P, 
"C, + KET = me, 


So, aA + Ie = Bos etc., Using this, the given summation can be simplified to 2 "Gy 
The rank of a matrix is said to be N, if the determinant value of at least 1 sub-matrix of 
order N x N is not 0 and all (V+ 1) x (N + 1) is zero. So the rank of the given matrix 
is 1, as any sub-matrix of order 2 x 2 has 0 determinant value and (1), a sub-matrix of 
order 1 x 1 has the non-zero determinant value of 1. 


The number of elements in the power set of a set with n elements is 2”. The given set A 


has n elements. So, A x A will have n? elements. So, its power set will have a elements. 
It is 1 — (0.6) (0.6) (0.6) = 0.784. 

Let f(x) =x + I/x. 

POH Ve 

fw=0> x=21 

For minima, f”(x) > 0. 

f(x) = 2x. f(x) > 0 when x = 1. The minimal value is f(1) = 2. 

f’(0) = 0, as fis continuous at x = 0. 


Bm, porn) = 2, poy +p) > BP fey + BS Ay = 109 


So, fis continuous for all x. 
£5) = jim LOA AFO) = 665) jim O = 165) ¢') = 6 
h>0 h h>0 h 


f(x) 1is continuous for all real values of x. However, it is not differentiable when 
x = 0. It is differentiable for all other values of x. 
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When x > 0, f(x) = x. So f(x) is continuous and f’(x) is 1. 
When x <0, f(x) =—x. So f(x) is continuous and f’(x) is —1. 
When x =0, lim f(x) = lim f(x) =0= f(0). 
x30" x>0* 
So, £(x) is continuous when x = 0. This means, f(x) is continuous for all real values of 
x. Also f(x) is differentiable when x > 0 and x < 0. However, f(x) is not differentiable 
when x = 0. This is because 
_ fO+A)-fO)_, O+A-1)_ W h 
m ———— = — = li 


li lim m — = lim —= lim 1=1 
h—0* h h>0* hoo h hnəöh h> 


0+h)— f0 -h 
ete m ae ee ens 
> 1307 h hoo h h>0- 


Therefore, £’(0) doesn’t exist. 


30 
Distinct elements of U 4, = 30 x 5/10 = 15 
1 


i= 


N 
Distinct elements of U B, = (n x 3)/9 = n/3 

j=l 
So, n/3 = 15 orn = 45 
Let the n elements in the set S be a), ay, ..., a,. For a relation to be an equivalence rela- 
tion, it must be reflexive, symmetric and transitive. To satisfy the reflexive property, the n 
ordered pairs, (a,, 4), (a, 4), ..-, (a, @,), must be present. The presence of these n ordered 
pairs makes this relation symmetric and transitive too. This implies, any equivalence rela- 
tion, at the minimal, must include these n ordered pairs. So the minimum number is n. 
This rules out option (c) and (d). If you add more ordered pairs like (a,, a,) and (a, a,), 
still it will be an equivalence relation. This rules out option (a). So the correct answer is 
option (b). 
How is the maximum number n°? Though this can be proved by mathematical induction 
on n, let us reason out analytically. To satisfy the reflexive property, we need n ordered 
pairs. To these n pairs, let us add all possible other pairs. That is, we are adding all pos- 
sible pairs (a,, a,) where x # y. How many such pairs are possible? 


It is P, which is n(n — 1). Even after adding all these pairs, the relation will satisfy the 
symmetric and the transitive properties. Since we have all possible pairs, this is the big- 
gest possible collection. The total number of pairs in this collection will be n + n(n — 1) 
=n’. 

For example, if the set Sis {1,2,3}, our largest collection will have the 9 elements (1, 1), 
(2, 2), (3, 3), G, 2), (1, 3), (2, 1), 2; 3), G, 1), G, 2). 

Given that 1, œ, œ? are the roots of xX? — 1 = 0. So, | +@+@ =0; 1x0xo =o =l 
The given equation being a third degree equation has 3 roots. Let it be a, b, c, We have a 
+ b+ c+=- (3) and ab + be + ac = 3 and abc = — 7. Only option c satisfies all these. 
Verify this. 
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Consider the function o(x) = f(x) — 2g(x) 

(0) = o(1) = 2. So, O(x) satisfies the conditions of Rolle’s theorem in [0, 1]. 
So, 0’(x) = f’(x) — 2g’(x) has at least one 0 at C in (0, 1) 

i.e., O'(C) = 0 = f(C) = 2g'(C) 

The only possibility is f(z) + 2 is true and the other two are false. So, f'(1) = y 
W(x) = 2f(x) FE) + 2g Œ) gw). 

So, Kx) = 2f (x)g(x) + 2g(x) Cf (x)) = 0 = h(x) is constant. So, h(5) = 11 


Let x = ï 
Taking In on both sides, we get In x = i In (i). 
e? = cos (0) + i sin (0). Putting 0 = 7/2, we get e"? =i. 


So, In x = i ln (e°) = i x in/2, In (x) = -7/2. 


02 a real number 


Hence x = e 
The given decimal number can be written as 
(1+2)x2!7+(1+2+4+4+8)x2°4+(14+4)x2*+(1+2) 

= 2 4212 4 ol + 2104 2° + 2% + 2°4 244+ 2' + 2°. This has 10 one’s. 
We can arrange 1 or 2 or 3 or ... r things at a time. 

Number of ways of arranging | at a time is n 

Number of ways of arranging 2 at a time is n 

Number of ways of arranging 3 at a time is m, etc. 

So, total number of possible permutations is: 

n(n’ -1) 


n-1 


ntn t+... +n = 


Apply change of base rule. 
In an equation with rational coefficients, irrational roots and complex roots occur in pairs. So, 


J547 + iis a root implies -V5 + /7 +i,-V5-V7 +i, A ee HPA S Ma) FH, 


-45 SND, — i, V5 Sag —i, V5 EN, — i, are also roots. An equation of degree n has 
exactly n roots (with possible repetition of some roots). Hence the answer. 


By Descarte’s rule of signs, the number of positive real roots can’t be more than the num- 
ber of changes of sign in f(x). Here there are 3 changes of signs in f(x). The number of 
negative roots can’t be more than the number of change of signs in f(—*), i.e., 2 in this 
case. So, altogether it can’t have more than 5 real roots (obviously 0 is not a root). But 
this being a polynomial of degree 7, must have 7 roots. So, at least 2 imaginary roots 
must be present. 

If you draw the graph of f(x) between x = a and x = b, it should cut the x-axis either 0 or 
even number of times. It will have as many roots as the number of times it is cutting the 
x-axis. 

Ref Qn. 53. It cannot have more than 3 real roots. In an equation with real coefficients, 
imaginary roots occur in pairs. Here f(0) and f(c°) are negative. So in the interval 


56. 


57. 


58. 


59. 


61. 


63. 


64. 


65. 


67. 


68. 


69. 


Mathematical Foundations of Computer Science 35 


(0, œ) there can be none or even number of roots. Since f(—1) is positive, it should have 
at least one root in (—1, 0). Since /(0) is negative and f(%) is positive, it has at least 2 real 
roots, and not more than three. It has to be 3 because if it is 2, the number of imaginary 
roots will be 3, which is infeasible (since imaginary roots occur in pairs). 

f(—-%) is positive and f(+e°) is also positive. But /(0) is negative. So, it should have at 
least 1 root between (~, 0) and at least one root between (0, +29). 

The remainder on division will be a first degree polynomial. Let it be Mx + N. So 
f(x) = (x -— æ) (x-— B) Q + (Mx + N) (where Q is the quotient). Putting x = a, 
f(@ = Ma + N and AP) = MB + N. Solving, we get the answer. 

If the base is greater than 1, it will be —ce. If the base is less than 1, it will be +o. If the 
base is 1, it will be undefined. 


We have x" + nax — b = (x — a) (x — a) ... (x — a,) 

Differentiating both sides with respect to x and putting x = a,, we get the result. 
la—b|<nimplies—n<a-—b<n 

|b —c| < m implies —- m < b — c < m 

Adding both these inequalities, 

-(n+m)<a-c<n + m, which is nothing but |a — c| < n + m. 

A may win in the first or second ...or n™ toss. So, the required probability is (1/2) + (1/2)° 
$ (1/2) + ... Summation of this geometric progression is 2/3. 

Any number can be expressed as the product of prime numbers in a unique way. 200! 
written in this form will have a certain number of 2’s and 5’s. The number of 2’s will be 
more than the number of 5’s as each even number contributes at least one 2. The only way 
to get a 0 is to multiply a 2 by 5. The number of 5’s will decide the number of zeroes. 
The numbers 5, 10, 15, ... 200 each contribute one 5. This totals to 40. The numbers 25, 
50, 75, ..., 200 will contribute one more 5. The number 125 will contribute yet another. 
So, totally 40 + 8 + 1 = 49 zeroes. 

Consider an n x n matrix. To find the determinant, we have to multiply each element of the first row, 
with its cofactor. The cofactor is the determinant value of an (n — 1) x (n — 1) matrix. The number 
of terms in the determinant value of a n x n matrix, T(n) =n T(n—-1) =n x (n-1) T(n-2) ... =n! 
Here n! is given as 720. So, n is 6. 

It is defined if |x| — x > 0, i.e., |x| > x. 

If x 2 0, |x| =x. So, x > x, which has no feasible solution. 

If x < 0, |x| =—x. So, —x > x, which has the solution x < 0. 

The probability that the first ball drawn is white and the second black is 

(10/25) x (15/24) = 1/4. 

The probability that the first ball drawn is black and the second white is 

(15/25) x (10/24) = 14. So, the required probability is 1/4 + 1/4 = 1/2. 


The iterative formula is x,4, = x, + FC) Here x = Jb, i.e., x° — b = 0. Taking 


F œ) 


I(x) = x’ — b, we get the answer. 
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Total cases are 3(HH, HT, TH) 

Favorable case is 1 (HH) 

Probability = ; 

P (A^ B) = 1- P(4 x B) = 1 — (P(4) + P(B) + P(A x B)) = 0.39. 


By Lagrange’s mean value theorem, in the interval [0,5], there must exist a constant C in 
(0, 5) such that g’(C) = (g(5) — g(0)) / (5-0) = — 5/6 

The first element of A may be mapped to any one of the n elements of B. The second 
element to any one of the remaining n — 1 elements. Proceeding this way, the m™ ele- 
ment can be mapped to one of the remaining (n-m + 1) elements of B. So, we have n 
x (n-1) x(n- 2)... (n-m + 1) = "P, possible ways. 

In a set, order of the members and repetition is immaterial. 

By definition, 

Var (X) = EX] - EK? 

Since squares are either positive or zero, Var(X) 2 0. 

Note: Variance will be 0 if all the values are same. 

Let us decipher the predicate in parts. 

V means “for every” 

dz means “there exists a z” 

= means “implies” 

—(x = 1) means “x is not equal to 1” 

Vy (az (x = y*z) > (y = x) v (y = 1)) means “For every y, if there exists a z such that 
x = y*z then it implies that y is either 1 or x.” 


That is precisely the definition of a prime number. 

It is not reflexive as —3 R —3 is not true. It is not irreflexive as 2 R 2 is true. It is not sym- 
metric as —3 R 3, but 3 R —3 is not true. It is anti-symmetric as, if a R b and b R a are 
both true, then a = b. 

We have 1 R 2 and 2 R 1, but 1 R 1 is not true. So, R is not transitive. We have 4 R 3, but 
3 R 4 is not true. So, R is not symmetric. Also, 1 R 2 and 2 R 1, but 1 + 2. So, R is not 
anti-symmetric. 

A relation is a function if and only if each element in the domain has a unique image. (a) 
is not a function as the element 1 has two images 2 and 3. (d) is not a function as the 
element 3 in the domain has no image. 

Consider 3 Boolean variables 4, B, C. Since each of the variables can take the value of 0 or 
1, there are 27 = 8 possible combinations. They are (0, 0, 0), (0, 0, 1), (0, 1, 0), (0, 1, 1), 
(1, 0, 0), (1, 0, 1), (1, 1, 0), (1, 1, 1). 

Generalizing, n Boolean variables will result in 2” possible combinations. A Boolean func- 
tion may assign one of two values (0 or 1) to each of these 2” possible combinations. So 
the number of possible Boolean functions is 2 x 2 x 2 x ... (2” times). Hence the answer. 
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All three can be proved by Pigeon-hole principle. 


The roots are given by x = [-2 +,/b? -4 ac\/2a 
Differentiating both sides, treating c as a variable, dx = dc/ 4 b? — 4 ac 


For dx to be less than 5 x 10°, de should be to the accuracy of approximately 8 x 10> 
(check by putting b = —2, a= 1 and c = log 2, and solving the above equation). 

The determinant of a matrix equals the product of its eigenvalues. 

M has n rows. If all the elements of a row are multiplied by 2, the determinant value be- 
comes 2 x 5. Multiplying all the n rows by 2, will make the determinant value 2” x 5 = 40. 
Solving, we get n = 3. RE 


To ensure 5 digit accuracy, the error term should be less than 5 x 10°° 


(2n+2)! 

Solving, we get n = 7. 
They are Z, X Z,and Z,. For additional information, refer to the Fundamental Theorem 
of Abelian Groups. 
cos x + isin x = e” 
cos x — isin x = e“ (Since cos —x = cos x, and sin —x = -sin x) 
Integrating e™ and applying the specified limits, we get, i 
0, = a0, 
Number of ways of choosing two numbers one by one = 5 x 4 = 20 
Favorable cases are 2, 1; 3, 2; 4, 3; 5, 4. 
Probability = zi = Z 

20 5 
Since matrix multiplication is associative, the parenthesis can go in any way. Consider 
((M, x (M, x M3)) x M4) 
For (M, x M;), the required number of scalar multiplications is grs. 
For (M, x (M, x M3), the required number of scalar multiplications is grs + pqs. 
For ((M, x (M, x M;)) x M,), the required number of scalar multiplications is grs + pqs 
+ pst. 
Substituting the values for p, q, r, s, and t, we get, 
100 x 20x 5+ 10x 100 x 5+ 10 x 5 x 80 = 10000 + 5000 + 4000 = 19000 


For a triangular matrix, the diagonal elements are the Eigenvalues. 


107. The statement “If it rains then the cricket match will not be played” says nothing about 


108. 


what happens if it does not rain. It might not have rained, yet the match was not played 
because of bandh or some other reason. What could logically be concluded out of the 
statement is, if the match was played it had not rained—for if it had rained, the match 
would not have been played. 


Find below the graph of sin(x). Visual inspection clearly identifies A and B as the local 


Ea ; ee 3% 
minima. They are attained at points 4 and ie 
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2-4 


—2- 


Fig. 1.3 


Method 1: If À is an eigenvalue of A then A will be an eigenvalue of A”. The eigen- 
values of A are +J/2 and — V2 
Method 2: Find matrix A!°. Then find its eigenvalues. One way of finding A! is 

[1] Compute 4? = (A)(A) [2] Compute 4* = (4°) (4°) 

[3] Compute 4° = (4$) (45 [4] Compute 4'° = (48) (4%) 

[5] Compute A!8 = (4'°) (43 [6] Compute 4’? = (4'%) (4) 
Option (c) translates to, there exists x (4x) such that x is real (real(x)) AND (A) x is 
rational (rational (x)). This is logically same as saying “Some real numbers are rational.” 
By definition, F(x) = P(X < x) 
F(-1) = P(X < -1) = P(X =-1) = 0.5 
FA) = P(X $1) = PX =-1) + P(X = 1) = 0.5405 =1 


J(l) is negative; f(9) is positive. Function f is continuous. So, bisection method is ap- 
plicable. 
Iteration # a, Sign of f(a,,) b, Sign of f(b,,) Ch Sign of f(c,,) 
1 1 Negative 9 Positive 5 Positive 
2 1 Negative 5 Positive 3 Positive 
3 1 Negative 3 Positive 2 <Zero> 


After three iterations, we have found an exact root. 
The other options represent this statement. 


The 20 numbers can be permuted in 20! ways. In any such permutation, the first even 
number has to be one of the 10 even numbers 2,4,6, ..., 20. The number of permutations 
in which 2 appears before any other even number will be the same as the number of per- 
mutations in which 4 appears before any other even number. For that matter, the number 
of permutations in which 2 appears before any other even number will be the same as 
the number of permutations in which any other even number appears before the rest of 
the even numbers. Let œ be the number of permutations in which 2 appears before any 
other even number. 10 x œ = 20! 
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So probability is 
(20110) 1 


20! 10 


In fact, 5, —1, and —4 will also be eigenvalues. 
Substitute and verify. The solution can also be obtained like this—The complementary 
equation is D? + 3D + 2 = 0. This has D = —1, -2 as the roots. Hence the solution is: 
Cet + Oe”. 
By definition “P = Q is true means that (P) v Q is true. The proposition “P v (P = Q) is 
nothing but “P v (P v Q), i.e., P v Q. The trueness or the falsity of this cannot be deter- 
mined from the given proposition. 
600 =5x5x3x2 x2 x2. Any factor of 600 can be obtained by choosing 1, 2, 3 or 
no two’s at all, i.e., 4 ways of selecting two. Similarly, there are 2 ways of choosing 3, 
and 3 ways of choosing 5. So, there are altogether 4 x 2 x 3 = 24 different ways. This 
includes | (corresponding to choosing no two’s, no three’s and no five’s) as well as 600 
(by choosing all the 2’s, 3’s and 5’s). 

1 2 3 
It can be written as | 4 5 6 

4+1 5+2 6+3 


12 3 h23 H23 
So, |4 5 6 =|4 5 64+/4 5 6 =0+0=0 
5 7 9 |1 2 3) 456 


None of the elementary operations affects the rank. 
The order of a subgroup should divide the order of the group. 11 being a prime number, 
has no proper divisor and hence it can’t have any proper sub-group. 


We have (4B) = B‘A’. Since A and B are symmetric matrices, A’ = A and B‘ = B. Hence 
the answer. 


P(A U B) = P(A) + P(B) —- P(A A B) 

i.e., P(A U B) + P(A A B) = P(A) + P(B) 

Since P(A A B) cannot be negative, P(A U B) < P(A) + P(B) 
(ty)? = (oy) ty) = Cy) (Vx) = x* (Ay) x = tye 

= yžx* yy = žy, 

Number of strings of length 1 is n. 

Number of strings of length 2 is n — 1. 

Number of strings of length 3 is n — 2, etc. 

Number of strings of length n — 1 is 2. 

Number of strings of length n is 1. 

Totally, 1+2+3...+n=n(nt1)/2 

We have 2R5 and 5R2. If it is transitive, then 2R2, but it is not, as 2R2 means 2 is not 
equal to 2, which is wrong. 
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A=(ANB)U(AN B). 

P(4)=P(4AB)+P(4A B) 

=QO+R 

1 is the identity element as 1 LCM a = a LCM 1 =a, for any a belonging to the set. What 
is the inverse of 3? If it is y, then 3 LCM y = y LCM 3 = 1. No such y can be found. 
24 is the identity element, as 24 GCD x = x GCD 24 = x, for any x belonging to the set. 
But inverse doesn’t exist. 

The total number of possible functions is n”. If it is to be 10, then n = 10 and m= 1. 
ex) = fx) Cx) + f(x)]. If f is even then f(—x) = f(x). 


So, g(x) = f(x) [f(x) + fx] = g(x). Hence g is even if fis even. 
@ is a generator, as all the cube roots of unity can be expressed as powers of œ. 


For similar reasons, œ? is also a generator, as @ = CHH and | = (wy. 

x log x = log x / (1/x). Apply L’Hospital’s rule. 

Whenever f(a) and f(b) are of different signs, then f has odd number of roots (at least 
one) between a and b. 


Let S=x+2x74+ 3x74... 
x8 =377 +27 +... 
S-xS=xtxtx34+...=x(1-x")/(1-x =x/(1-x) 


(1 —x)S=x/(1—-x). So, S=x/(1-x)’. 
Another way of doing this is: 


Six=tke' = £ Ex“ = £ [x/(1 —x)] = 1/0 - x) 


So S=x/ (Q -x° 
A linear transformation F satisfies F (mx, my) = mF (x, y) and 
F (a+b, c + d) =F (a, c) + F (b, d). Option (b) does not satisfy this while the others do. 
Eigenvalue m satisfies the equation |A — mI| = 0. Put m = 0. We get |A| = 0, which is 
given to be true. So, m = 0 is an eigenvalue. 
Each print is a k-tuple /1, /2..., Ik — such that 

N>N2N2... 2,21. 
Hence the problem reduces to choosing k integers, with repetitions allowed, from 1, 2, 
3..., N— which is **4~ C, This is because any such selection, if written in ascending 
order will satisfy the conditions and any solution will be a selection. 


Square of an odd number is an odd number. Square of an even number is an even num- 
ber. If you add two odd numbers, you get an even number. As a result, (odd number)” + 
(odd number)? = eyen number. Since no even number can be a square of an odd number, 
options a, b, and c, cannot be correct. 

Square of an odd number is an odd number. Square of an even number is an even number. 
If you add two even numbers, you get an even number. As a result, (even number)? + 
(even number)? = eyen number. Since no even number can be a square of an odd number, 
options a, b, and c, cannot be correct. 


172. 


174. 


175. 


176. 


177. 


178. 


179. 


180. 
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You can verify by constructing truth table for an implication, say, P —> Q and its contra- 
positive “Q > `P 

Let us prime factorize the number. 637245 is 5x 3x3 x 7x 7x 17x 17. The word we 
are looking for must have the letter corresponding to 17, which is Q. 

Let us prime factorize the number. 124950 = 5x5 x2x3x7x 7x17. The word 
we are looking for must have the letter corresponding to 17, which is Q. It is not a bad 
idea to guess Q will be immediately followed by a U. The code for U is 21. We are left 
with 5 x 5 x 2 x 7. If the remaining letters are 4, it has to be E, E, B, G. But there is no 
6-letter word with the letters Q, U, E, E, B, G. So, let us assume that there are only 3 
remaining letters. The possible codes for these 3 letters are — (25,2,7), (10,5,7), (5,5,14). 
This means the possible letters are — (Y, B, G), (J, E, G ), (E, E, N). Remember Q and U 
are the other 2 letters. It is not difficult to find (E, E, N) is the correct one and the word 
is QUEEN. 

Let us prime factorize the number. 3135 = 3 x 5 x 11 x 19. The alphabet with the code 
19 must be present in the word we are looking for. It is S. The alphabet with the code 
11 must also be present in the word we are looking for. It is K. We are left with the fac- 
tors — 3 and 5. They may account for the single alphabet O (this has the code 15) or they 
may account for the alphabets — C and E. Let us pursue our search with the alphabet O. 
We are looking for a word made up of the letters — S, K, O. No such word exists. Since 
3125 is same as 3125 x 1, the alphabet with code 1 can be used. So the alphabet A can 
also be used. So, we are looking for a word made up of S, K, O, A. The word is SOAK. 
If 3 and 5 account for the alphabets — C and E, we are looking for a word made up of S, 
K, C, E. Since the alphabet A can also be used, the word is CAKES. 


Let us prime factorize the number. 1265 = 5 x 11 x 23. The alphabet with the code 23 
must be present in the word we are looking for. It is W. The alphabet with the code 11 
must also be present in the word we are looking for. It is K. We are left with the factor 
5. It represents the alphabet E. We are looking for a word made up of the letters—W, K, 
E. No such word exists. Including the alphabet A, we are looking for a word made up of 
the letters—W, K, E and A. It could be WEAK or WAKE. 


The largest 10-digit number is 9876543210, which is not the correct answer as it is not 
divisible by 4. Note that a number is divisible by 4 if the last two digits are divisible 
by 4. The number we are looking for cannot be got by swapping the | and 0. Let us try 
permuting the last 3 digits—2, 1, and 0. Since we are for the largest number, we need to 
try in the order—120, 102, 021, 012. Since 120 is divisible by 4, the correct answer is 
9876543120. 

The largest 10-digit number is 9876543210, which is not the correct answer as it is not 
divisible by 8. Note that a number is divisible by 8 if the last three digits are divisible 
by 8. The number we are looking for cannot be got by swapping the | and 0. Let us try 
permuting the last 3 digits—2, 1, and 0. Since we are looking for the largest number, 
we need to try in the order—120, 102, 021, 012. Since 120 is divisible by 8, the correct 
answer is 9876543120. 

The smallest 10-digit positive number is 1023456789, which is not the correct answer 
as it is not divisible by 8. Note that a number is divisible by 8 if the last three digits are 
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divisible by 8. The number we are looking for cannot be got by swapping the 1 and 0. 
Let us try permuting the last 3 digits—7, 8, and 9. Since we are for the smallest number, 
we need to try in the order—789, 798, 879, 897, 978, 987. None of these is divisible by 
8. Let us enlarge our search domain by permuting the last 4 digits—6, 7, 8, and 9. We 
need to try in the order—6789, 6798, 6879, 6897, 6978, 6987, 7689, 7698, 7869, 7896, 
7968, 7986 etc., The first number in this order that is divisible by 8 is 7896. So, the 
number we are looking for is 1023457896. 


A number is divisible by 11 if the difference between the sum of alternate digits is divis- 
ible by 11; equivalently, if the sum of the algebraic difference between successive pairs 
of digits is divisible by 11. Option (a) is not divisible by 11. Option (b) does not contain 
all the numerals. Consider, 9, 8, 7, 6,5, _, , ,_, _. If 4 follows 5, the sum of the 
algebraic difference between successive pairs of digits will be 3, with 3, 2, 1, 0 left. No 
permutation of this will leave with an algebraic difference of 8 or -3. If 3 follows 5, the 
algebraic difference will be 4, with 4, 2, 1, 0 left. No permutation of this will leave with 
an algebraic difference of 7 or -4. Let us try with 2 following the 5. We have 9, 8, 7, 6, 
5,2, ,_,_,_, with an algebraic difference of 5. We are trying to make this difference 
either 11 or 0 with the left out digits - 4, 3, 1, 0. 


9876524130 is the combination we are looking for. 


182. In the first draw, one colour is taken out. If the second draw draws the same colour then 


we are done. If the second draw draws a different colour, we need a third draw. Irrespec- 
tive of what colour is drawn in the third draw, we will have a matching pair. 


183. In the worst case, he will have 2 pairs of yellow, 3 pairs of blue, and 4 pairs of green socks 


185. 
186. 


187. 


in2Xx2+3x2+4x2 = 18 draws. In the next 2 draws, he will take a pair of red socks. 
Each cut should give him a face of the cube. A cube has 6 faces. 


To get as many pieces as possible, each line must cut all the existing lines at the non- 
intersecting points. 


Fig. 1.4 
To get as many pieces as possible, each line must cut all the existing lines at non-inter- 
secting points. 


Fig. 1.5 
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193. 
194. 
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A diagram will make it easy to comprehend. 


5 Paise 10 Paise 25 Paise 


Fig. 1.5 
It is easy to find that the can labeled 25 Paise must have 5 paise coins in it. So, the can 
labeled 10 Paise, must have 25 paise coins in it. 
The can labeled 5/10 Paise. 
A diagram will make it easy to comprehend. 


Fig. 1.6 
The can labeled 5/70 Paise will have either all 5 paise or all 10 paise. If the coin you 
inspected is a 5 paise coin, the can labeled 5 Paise must have the 10 Paise coins in it. If 
the coin you inspected is a 10 Paise coin, that is the can you are looking for. 
There are 5! ways of distributing the 5 letters to the 5 envelopes. Out of these, there is 
only one way that correctly distributes the letters to the envelopes. 


In 1 hour, Priya can walk to her school 10 times. 
45+ (m-9)x10 


m 


Let m be the number of tests he took. His average is 


Equating the average to 9 and solving for m, we get m = 45. 
A=6,B=8,X=5, and Y= 9 is another possible answer. 

1 machine can cut 10 papers in 10 minutes. 

1 machine can cut 1 paper in 1 minute. 

20 machines can cut 20 papers in 1 minute. 

20 machines can cut 200 papers in 10 minutes. 

Another way to reason out is to consider the 20 machines as two groups of 10 machines 
each. Each group can cut 100 papers in 10 minutes. So, together they can cut 200 papers 
in 10 minutes. So, the statement—10 machines can cut 100 papers in 10 minutes—ex- 
pressed algebraically is, 100 machine-minutes is equivalent to 100 papers. The question 
expressed algebraically is, finding the number of minutes (let us call it) m, such that 20 
x m = 200. 

1 machine can cut 10 papers in 10 minutes. 

1 machine in | minute can cut | paper. 

5 machines in | minute can cut 5 papers. 

5 machines in 60 minutes can cut 300 papers. 
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Another way to reason out is to understand the fact that what could be done by 5 ma- 
chines in 1 hour is essentially same what could be done by 10 machines in 30 minutes. 
So, the statement—10 machines can cut 100 papers in 10 minutes—expressed algebraically 
is, 100 machine-minutes is equivalent to 100 papers. The question expressed algebraically 
is, what is the equivalent of 300 machine-minutes (the 300 is 5 machines x 60 minutes). 
It is obvious that Varma runs faster than Patil. By the time Varma finished running 80 
meters, Patil could run only 70 meters. By giving a head start of 10 meters, they will 
be tied when they are 20 meters to the finish line. Since Varma runs faster than Patil, he 
will cover the remaining 20 meters before Patil. 

The least common multiple of 5, 7, and 9 is 315. If the six-digit number 1234BC is 
exactly divisible by 5, 7, and 9, it has to be a multiple of 315. The number 1234BC 
can be written as 123000 + ABC. Dividing 123000 by 315 leaves the remainder 150. 
So, ABC must leave a remainder of 165 when divided by 315. This gives us the number 
123165. Adding 315 or any multiple of it still gives us a number exactly divisible by 5, 
7, and 9. So, there are 3 possible numbers — 123165, 123480 (123165+315), and 123795 
(123165+315+315). 


The length of the tunnel will be 50 meters. 
A= a km. 
20 


The length of the tunnel+train will be 500 meters. 
A+C = È km. 

: 9 
So, the length of the tunnel is 0 km, i.e., 450 meters. 


First assume only Mani’s statement is true. The story with this assumption reads ... 
Subbu ate it. Joshi didn’t eat it. Kumar ate it... 

This is a contradiction. So Mani’s statement is not true. 

Assume only Subbu’s statement is true. The story with this assumption reads ... 
Subbu didn’t eat it. Joshi ate it. Kumar ate it... 

This is also a contradiction. So Subbu’s statement is also not true. 

Assume only Kumar’s statement is true. The story with this assumption reads ... 
Subbu didn’t eat it. Joshi didn’t eat it. Kumar didn’t eat it. Joshi ate it. 

This is also a contradiction. So Joshi’s statement is also not true. 

Assume only Joshi’s statement is true. The story with this assumption reads ... 
Subbu didn’t eat it. Joshi didn’t eat it. Kumar ate it. Joshi didn’t eat it. 

This is not a contradiction. So Joshi’s statement is the true statement. Accordingly, Kumar 
ate it. 

Addition of two 2-digit numbers cannot be greater than 198. So, C is 1. 

AB can be written as 104 + B. 

So, AB + BA = 1A1 can be written as (104 + B) + (10B + A) = 100 + 104 + 1 
Simplifying, 

11B=101-4A 


201. 


202. 


203. 
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Since 11B is a multiple of 11, 101-A has to be a multiple of 11. This can happen only if 
A is 2. So, C= 1, 4A =2, B = 9. Hence A + B + Cis 12. 

Fill the 5 liter can. Pour it into the 3 liter can. The 5 liter can will be left with 2 liters of 
water. Empty the 3 liter can. Transfer the 2 liters in the 5 liter can to the 3 liter can. The 
5 liter can is now empty. Fill it from the bucket. Fill the 3 liter can (which is having 2 
liters now) from the 5 liter can. 

What is left in the 5 liter can will be 4 liters. 


< d > 
. | . 
l 
— cwm ImU 
2 3 
£d -d 
5 5 
15 m/h 15 m/h 
Fig. 1.7 


The “just managed to escape” hint implies that the train is coming from the left. When 


kiat 2 ; 
the train just enters the tunnel, both Gopal and Raman have covered re . By the time one 
1 } E 
of them covers ao the train covers d . Hence, the speed of the train is 5 x 15 = 75 mph. 


Let us call the bulbs 4, B, and C. Switch on one of them, say A. Wait for a couple of 
minutes and switch it off. Now, switch on another bulb, say B, and enter the room. The 
bulb that is glowing corresponds to the switch B. Touch the other 2 bulbs. The one that 
is warmer corresponds to the switch A. The left out bulb corresponds to the switch C. 
Find the time taken for the bikes to collide. It is 2 hours. Distance traveled by the bird 
in 2 hours is, 200 km. 
The standard weights are 1 kg, 3 kg, and 4 kg. 
The different possibilities are getting 

1. 6 in the first roll (probability of this event happening is 5 


2. 1 in the first roll and 5 or 6 in the second roll iiss, of this event happening is 
1 2 
oe x as 
6 6) 
3. 2 in the first roll and 4 or 5 or 6 in the second roll (probability of this event happening 
1 3 
is —X—) 
6 6 
4. 3 in the first roll and 3 or 4 or 5 or 6 in the second roll (probability of this event hap- 


3 Sto C! 
pening 1s Paar, 


l, 2. es 4 15 5 
Required probability is 
e~ 36 36 36 36 12 


208. The weights are 1 kg, 3 kg, 9 kg, and 27 kg. With these weights he can weigh anything 


between | — 40 kg as a whole number. 
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Let A be the event of raining today, and let B be the event of raining tomorrow. 
P(A) = 0.5, P(B) = 0.6, P(A U B) = 0.7 
P(A © B) = P(A) + P(B) — P(A L B) 


212. f'(x) = 4x — 2. f(x) increases if f’(x) > 0, i.e., f(x) increases if x > 1⁄2. So, maximum value 


213. 
214. 


217. 


218. 


219. 


is attained at x = 2. 


a| 2r?+2r+4 =r +3. Solving, r = 5 or —1. Since negative radix is illogical, r = 5. 


{(1,1), (2,2), (3,3), (4,4)} is the smallest possible equivalence relation. This set is a subset 
of any other set that is equivalence relation, because any equivalence relation has to be 
reflexive. 

We cannot construct another equivalence relation by adding a single ordered pair as 
symmetric property should hold good. Let us find how many equivalence relations can 
be got by adding 2 ordered pairs. If we add (1,2), we need to add (2,1), to satisfy the 
symmetric property. Since there are 4 elements, 2 elements can be selected in gen =6 
ways. Similarly, some equivalence relations can be got by adding 4 ordered pairs, like 
adding (1,2), (2,1), (3,4), (4,3). Possible cases covered under these category is IC {2= 
3 ways. Likewise the number of possible equivalence relations that can be got by add- 
ing 6 ordered pairs, like (1,2), (2,3), (3,1), (2,1), (3,2), (1,3), will be KON = 4, There is 
only one possible equivalence relation by adding 8 ordered pairs. So, totally 15 possible 
equivalence relations can be got. 

Here is an alternate solution. 
The number of equivalence relations of {1, 2, 3, 4} is same as the number of partitions 
of {1, 2, 3, 4}. 


Form Number of Partitions 
All singleton sets 1 
2 singleton + 1 doubleton tC, =6 
1 singleton + 1 tripleton IC =4 
2 doubletons ĆC)/2=3 
All 4 together 1 
Totally, 15 
Let the n elements in the domain be ay, a, , a3, ..., a,. Let the two elements be 0 and 


1. a, can be mapped to either 0 or 1; a, can be mapped to either 0 or 1. Each of the a’s 
can be mapped in one of two ways. So totally there are 2 x 2 x 2 x... < n times > = 2” 
possible functions. However, we need to exclude the following two functions that are 
not onto. 

e all the a’s mapping to 0 

e all the a’s mapping to 1 
Commutative because a®b= b ®a 
Not associative because a ® (b ®c)#(a®@ b)@c 
T, refines 7, if every element in 7, is a subset of some element of 7,. Here, m, doesn’t 
refine m. Also, 7; doesn’t refine m. 
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220. Two things need to be proved. 


221. 


222. 


223. 


224. 


1. The two vectors are linearly independent. 
2. These two vectors span the set X. 
They are linearly independent because we cannot find a scalar B, such that [1, —1, 0] = 
BU, 0, -1]. 
They span the set X. Let [A, u, — À — u] be an arbitrary element of set X. If they span the 
set X, we should be able to find two scalars, say, u and v, such that 
[A, u, -A -— u] = u[1, -1, 0] + v[1, 0, —1]. 
Equating the like components, we find u = —y and v = u+À. 
Start with x as 0.5. Repeatedly use the given equation to find x, X2, x3, and x4. You will 
notice x, approaches 1.5. Alternately, x,,,, is 1.5 when x, is 1.5. 


Let R denote a right move and U denote an up move. Consider the simple scenario of 
moving from (0,0) to (2,2). The possible paths are LLRR, RRLL, LRLR, LRRL, RLRL, 
and RLLR. Note that any possible path is some permutation of the string LLRR. The 
number of possible paths for moving from (0,0) to (10,10) is the number of ways of 
20! 

10!x10! 
Read explanation to the previous question. For the purpose of this question, all the pos- 
sible paths for moving from (0,0) to (10, 10), which is 20! / 10! x 10!, can be categorized 
into three mutually exclusive and exhaustive groups. 

1. Paths not passing through (4,4) 

2. Paths passing through (4,4) but not through (5,4) 

3. Paths passing through (4,4) and through (5,4). 

We need to find how many paths fall in category 3 and, eliminate them from the total 
number of possible paths. 

Number of paths passing through (4,4) and through (5,4) = Number of possible paths 
from (0,0) to (4,4) x Number of possible paths from (4,4) to (5,4) x Number of possible 
paths from (5,4) to (10,10). 

Number of possible paths from (0,0) to (4,4) is 8!/4!4! (all possible permutation of the 
string that is made up of 4 L’s and 4 U’s). 

Number of possible paths from (4,4) to (5,4) is just 1 (corresponding to the required right 
move). 

Any possible path from (5,4) to (10,10) must make 5 right moves and 6 up moves. So, 
number of possible paths from (5,4) to (10,10) is 11!/5!6!. 

Hence the answer is 20! / (10! x 10!) - (8!/4!4!) x 1 x (11!/5!6!). 


sin x 


permuting the string that is made up of 10 L’s and 10 U’s. This is 


x-sinx _ 


x+cosx cos x 
1+ 


1 
Put x = — and solve. Note that x —> œ becomes y > 0. 
Y 
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Draw a Venn diagram for (PAMO AR) u (FAQAR) UQ UR 
You’ll see the entire universal set colored. 


If œ = 5, the determinant of the coefficients is zero. The system becomes inconsistent 
and will have no solution. Since the system is consistent, œ can be any real number other 
than 5. 


In the limiting case, when X,+; is almost same as_X,, X = Hx z) Solving, X= J/R 
Q=2+4+6+...+2k A = 
P=14+3+5+...+2k-1 
O-P=(2-1)+(4-3)+(6-—5)+... <k terms> 
=k 
Let f(x) = 3x* — 16x? + 24x? + 37 
For a point to be an extrema, f’(x) = 0. 
Solving 12x? — 48x” + 48x = 0, we get x = 0 or 2. 
Required probability = P(She studies mathematics on Tuesday) x P(She studies computer 


science on Wednesday) + P(She studies computer science on Tuesday) x P(She studies 
computer science on Wednesday) = 0.6 x 0.4 + 0.4 x 0.4 


Here is an alternate solution. 
Apply Markov process. 


There are two events — studying computer science and studying mathematics. The one- 
step transition matrix is 


1}0.4 0.6 
A= ; 
2|0.4 0.6 
The probability distribution for Monday is (1 0). 
The probability distribution for Wednesday is (1 0) A’ which is, 


0.4 0.6} 10.4 0.6 
o ofa el fos os 
0.4 0.6| 10.4 0.6 
= [0.4 0.6] 
So the probability that she studies computer science on Wednesday is 0.4. 
Only the first matrix has an eigenvalue 1 because 1 is a solution to the equation, 
(1 -x)(-x)=0. 
Option (C) translates to, “For each FSA there exists a PDA such that both are equivalent.” 
Construct truth table and verify. 
A commutative group is called an Abelian group. 
Not symmetric because (x, y) € R but (y, x) € R. 
Not antisymmetric because (x, z) € R and (z, x) € R. 
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P(odd) + P(even) = 1. 
Since the probability that the face value is odd is 90% of the probability that the face value 
is even, 


10 9 

P pene P pee 

(even) 19 and P(odd) 19 
P(outcome > 3) = P(4) + P(5) + P(6) 


P(4) = P(6) = : of (Because it is given that the probability of getting any even num- 


bered face is the same) 


P(outcome > 3) = 7 = + P(5) 
P(4) + P(6) 3 


Given that =— 
P(4) + P(5) + P(6) 4 


Solving for P(S), we get, P(S) = 373x19 


20 20 
So P(4) + P(5) + P(6) = z = 0.4678 


3x3x19 ` 3x19 
c*c=bc*c*c=b*c=dc*c*c*c=d*c=a 
d*d=b,d*d*d=b*d=c,d*d*d*d=c*d=a 

The given statement is logically same as, “If anything is either a gold ornament or a 
silver ornament then it is precious.” 


(1+ tan[x]) 4 
Í tan( 2 — x] =TIn cos (z — x)| 
4 4 


Applying the limits, we get, (In 1) — (In 213 = 0 - (-4 In 2)= 4 In 2 
—(Vx)P(x) is same as (ax)(CP(x)) 
—(Ax)P(x) is same as (Vx)(~P(x)) 


3.5 
Let f(x) = x? — 13. The value after the first iteration is, 3.5 + fG-5) 


S = 35 E0107 S 
3.607 f 6-5) 


A relation on a set A is a reflexive relation if and only if pRp is true for all elements of 
A. Let us enumerate all possible relations on a set A with 3 elements, and generalize our 
findings. Let A = {e, f, g}. By definition, any reflexive relation on A must comprise of the 
pairs eRe, fRf, gRg plus, zero or more pairs. The zero or more pairs have to come from 
the list of 6 pairs—eRf, eRg, fRe, fRg, gRe, gRf. Note that eRf and fRe are different. Let 
us tabulate the possibilities as follows: 
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No. of Remark 
Possibilities 


{eRe, {RF gRg} 


feRe, {Rf gRg} U one of {eRf, eRg, 


feRe, fRf, gRg} L two of {eRf, eRg, 
feRe, fRf, gRg} O three of {eRf, eRg, 
feRe, fRf, gRg} U four of {eRf, eRg, 
feRe, {Rf gRg} U five of {eRf, eRg, 
feRe, (RF gRg} U six of {eRf, 


So, the total number of possibilities is 1 +6+15+20+15+6+1= 64. 
Let us generalize for a set A with n elements. Any reflexive relations must have the n 
reflexive pairs plus, zero or more pairs from a list of n(n-1) pairs. 


eRg, fRe, fRg, gRe, gRf} 


No. of No. of Remark 
Pairs Possibilities 
i ; {pRp | p © A} 
nt+1 n(n — 1) {pRp | p € A} U one of {pRq | p,q € A, p#q} 
porte | MC | kp ive A} u two of (pkg Lpa € 4. pra) | 
n+3 ESC: {pRp | p € A} U three of {pRq | p,q € A, p#q} 
nEn I C a lr pe droatoi iiine Ay pea) 


The total number of possibilities is, 1 + n(n — 1) +" PC, + YC, +...+ DO ey 

Let n(n — 1) = K. Rewriting the above expression using K, we get, 

Kc, + *c, + *c, + *C, +...+ “C, = 2% = 2") 

To conclude, the number of possible reflexive relations on a set with n elements is, 2”) 
243. Not a ring because S is not closed under addition. 

Not an integral domain because it is not a ring. 

Not a field because it is not an integral domain. 


244. Because lim (i — 1) =e! 


n= n 
245. A computer can be declared faulty under two scenarios. 

1. The computer is actually faulty and the testing process declared it to be faulty. These 
two events are independent. The probability for this scenario is, pq. 

2. The computer is actually not faulty but the testing process declared it to be faulty. 
The probability that a computer is not faulty is (1 — p). The probability that the test- 
ing process declared this non-faulty computer to be faulty is (1 — q). The probability 
for this scenario is, (1 — p)(1 — q). 


246. 


247. 


248. 


Mathematical Foundations of Computer Science 51 


Since a computer may be declared faulty because of scenario 1 OR scenario 2, the required 
probability is pq + (1 — p)(1 — q). 


Number of divisors of 10° 


a Number of divisors of 10” 

How many are the divisors of 10°? 

Prime factorizing 10°, we get, 10” = 2” x 5” 

So, any divisor of 10”? should be of the form 2°5° where 0 < a < 99,0<b<99. 

Note that when a = 0 and b = 0, we get 1, which is a divisor; when a = 99 and b = 99, 
we get 10°, which is a divisor. 

Since “a” can take one of 100 values and “b” can independently take one of 100 values, 
the number of divisors of 10” is 100 x 100. 


Similarly, the number of divisors of 10° is 4 x 4. 


R 1 d b bili = 4x4 
equired probability = 100x100 
The eigenvalues A, are solutions to the equation, (2 — XY) — A) — 3x = 0. 


Substituting 4 for A, we get, 3x + 2y = 8. 

Substituting 8 for A, we get, 3x + 6y = 48. 

Solving, we get, x = —4; y = 10. 

Another way: 

Sum of the eigenvalues = Sum of the leading diagonal elements 
12=2 +y; y= 10. 

Product of the eigen values = determinant 

2y — 3x = 32; x = —4. 


Quantifier Meaning in this context 


For all persons in the universe (or equivalently, for each and every 


Vx person x in the universe). 


dy There exists at least one person y in the universe. 


Jz There exists at least one time t. 


249. 


250. 


The predicate “F(x, y, t) means, person x cannot fool person y at time t. 
The formula Vxdydt(-F(, y, £)) logically means the same as, “No one can fool everyone 
all the time.” 


-Ank 


where A is the mean. 


ae a 17 
The required probability is, P(X = 0) + P(X= 1) + P(X=2)= i + i + T = x8 
! ! ! e 


In Poisson distribution, P (X = k) = : 


Consider option (b). 
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1 x+l ee) He eT) A 1 eT l x ed 
1 y+1 y +ll=1 y y +l+i 1 y += y y?+1/4+0 


1 z+1 244) 1 z 2+1 1 1 2+1 1 z 2+1 


1x ecel Oise ay ca f 
1 y y+ y i=l y yl+0 


Iz 2) ilz 1) Iz 2 


Consider option (c). The value of a determinant is unchanged when a row is replaced by 
itself plus a scalar multiple of another row. Replacing second row in option (c) by itself 
plus the scalar multiple 1 of row 3 gives, 

0 x-y a = 97 
ly y 

1 Z z? 


Now replace the first row by itself plus the scalar multiple 1 of row 2 to get 
2 


lx x 
ly y 
lz 2 


Consider option (d). Replace the second row by itself plus the scalar multiple —1 of row 
3 to get 


2 x+y r+ y? 
2 
l y y 


1 A 2 


Replace the first row by itself plus the scalar multiple —1 of row 2 to get 
2 


lx x 
Ly y 
Iz z? 


251. In option (a), 
lim f(x)=3-1=2 
x33 
3 
ims 2 = 
x73" 3 


£3) =2 


Since the right limit, left limit exist and are equal to f(3), fis continuous at 3. 


252. 


253. 
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Here, increment size Ax = 0.3 
The approximation using trapezoidal rule will be, 


“ [(0 + 0.09) + (0.09 + 0.36) + (0.36 + 0.81) +... + (7.29 + 9.00)] = “ [60.3] = 9.045 


The number has to start with either 3 or 4. How many of these numbers start with 3? 
These will be numbers of the form 3abc where a,b,c need not be distinct. Note that the 
source of a, b, c is 2, 2, 3, 3, 4, 4, 4, 4. 

If a,b,c are all distinct, there are 6 possibilities. 

If exactly two of a,b,c are same, there are 6 + 6 + 6 possibilities. This is because if the 
repeated digit is 2, then the possibilities are 3 2 2 c (c can be 3 or 4), 3 2 b 2 (b can be 
3 or 4), 3 a 2 2 (a can be 3 or 4). If the repeated digit is 3, there are 6 possibilities. If 
the repeated digit is 4, there are 6 possibilities. 

If a,b,c, are all same, there is one possibility — 3444. 

To conclude, there are 6 + 6 + 6 + 6+ 1 = 25 such numbers starting with 3. 

How many numbers start with 4? 

These will be numbers of the form 4abc where a,b,c need not be distinct. Note that the 
source of a, b, c is 2, 2, 3, 3, 3, 4, 4, 4. 

If a,b,c are all distinct, there are 6 possibilities. 

If exactly two of a,b,c are same, there are 6 + 6 + 6 possibilities. This is because the re- 
peating digit could be 2, 3, or 4. 

If a,b,c, are all same, there are two possibilities — 4444 and 4333 

To conclude, there are 6 + 6 + 6 + 6 + 2 = 26 such numbers starting with 4. 
Altogether, there are 25 + 26 = 51 such numbers. 

Alternate Way: 

How many numbers will be of the form 3abc where the source of a, b, c is 2, 2, 3, 3, 4, 
4, 4, 4? 

If there were 3 of each available, number of combinations = 3 x 3 x 3 = 27. 
But only 2 of 2,3 are available. So 222 and 333 are to be excluded from the 27. So, 25 
possibilities. 

How many numbers will be of the form 4abc where the source of a, b, c is 2, 2, 3, 3, 3, 
4, 4, 4? 

If there were 3 of each available, number of combinations = 3 x 3 x 3 = 27. 

But only 2 of 2 is available. So 222 is to be excluded from the 27. So, 26 possibilities. 
Altogether, there are 25 + 26 = 51 such numbers. 

Consider option (d). 

F(x) means, x is my friend. 

P(x) means, x is perfect. 

F(x) a P(x) means, x is my friend AND x is perfect. In other words, x is my perfect friend. 
“None of my friends are perfect” logically translates to “there exists no person who is my 
friend and perfect.” This is what this option means. 


*2. 


*3. 
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. From a given tautology, another tautology can be derived by interchanging 


(a) 0 and 1 (b) AND and OR 

(c) 0 and 1; AND and OR (d) impossible to always derive 

Which of the following logical operations produce a 0 if the inputs are 1,1, and 0? 
(a) OR (b) AND 

(c) Exclusive-OR (d) Exclusive-NOR 


Choose the correct answer. 
If X is a Boolean variable, then 


(a) 0 + X = X (b) 1 + X = X 

(c)X + X = X (d) X + X’ = 0 

If X, Y and Z are three Boolean variables then 

(a) X.X = 1 (b) X(Y + Z) = (X + Y)(X + Z) 
(c) X + XZ = X (d)X +Y=Y¥+X 

Which one of following circuits is NOT equivalent to a 2-input XNOR (exclusive NOR) 
gate? (GATE 2011) 


(a) —}) >4>- (b) eo) 
©) a> (4) a 


. Which of the following are not weighted codes? 


(a) Roman number system (b) Decimal number system 
(c) Excess 3-code (d) Binary number system 
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. The minimum time delay between the initiations of two independent memory opera- 


tions is called 

(a) access time (b) cycle time (c) transfer rate (d) latency time 

If X, Y and Z are 3 Boolean variables, then X (Y + Z) equals (X + Y)(X + Z), 
if X, Y, Z take the values 

(a) 1,0,0 (b) 0,1,0 (c) 1,1,0 (d) 0,1,1 

Which of the following comments about the Program Counter (PC) are true? 

(a) It is a register. 

(b) It is a cell in ROM. 

(c) During execution of the current instruction, its content changes. 

(d) None of the above. 


If (123), = (A3),, then the number of possible values of A is 

(a) 4 (b) 1 (c) 3 (d) 2 

The speed imbalance between memory access and CPU operation can be reduced by 
(a) cache memory (b) memory interleaving 

(c) reducing the size of memory (d) none of the above 

If (12A)} = (123), then the value of A is 

(a) 3 (b) 3 or 4 

(c) 2 (d) none of the above 

The simplified SOP (Sum of Product) form of the Boolean expression 
(P+O+R)-(P+O+R)-(P+O+R) is (GATE 2011) 
(a) (P-O+R) (b) (P+0-R) 

(c) (P-O+R) (d (P-Q+R) 

Which of the following does not need extra hardware for DRAM refreshing? 

(a) 8085 (b) Motorola-6800 

(c) Z-80 (d) None of the above 

The advantage of MOS devices over bipolar devices is 


(a) it allows higher bit densities and is also cost-effective 
(b) it is easy to fabricate 
(c) its higher-impedance 
(d) its operational speed 


The Boolean expression X + X’ Y equals 
(a) X + Y (b) X + XY (c) Y + YX (d) X’Y + Y'X 
(X OR Y) OR Z = X OR (Y OR 2) 


(a) shows that the Boolean operator OR is distributive 
(b) shows that the Boolean operator OR is associative 

(c) implies the associativity of the Boolean operator AND 
(d) none of the above 
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Which of the following are registers? 

(a) Accumulator (b) Stack pointer (c) Program counter (d) Buffer 

Which of the following remarks about BCD are true? 

(a) It is a 8-4—2-1 weighted code. 

(b) Complement of a number can be found efficiently. 

(c) (12345678);ọ needs 4 bytes in BCD representation. 

(d) Conversion to and from the decimal system can be done easily. 

The minimum number of D flip-flops needed to design a mod-258 counter is 
(GATE 2011) 

(a) 9 (b) 8 (c) 512 (d) 258 

Which of the following remarks about PLA is/are true? 

(a) It produces product of sum as the output. 

(b) It produces sum of products as the output. 

(c) It is dedicated for a particular operation. 

(d) It is general. 

Any given truth table can be represented by a 

(a) Karnaugh map 

(b) sum of product of Boolean expressions 

(c) product of sum of Boolean expressions 

(d) none of the above 


A number system uses 20 as the radix. The excess code that is necessary for its equiva- 
lent binary coded representation is 


(a) 4 (b) 5 (c) 6 (d) 7 
Choose the correct statements. 

(a) Bus is a group of information carrying wires. 

(b) Bus is needed to achieve reasonable speed of operation. 

(c) Bus can carry data or address. 

(d) A bus can be shared by more than one device. 


A+B can be implemented by 

(a) NAND gates alone (b) NOR gates alone 

(c) AND gates alone (d) none of the above 

Bipolar devices are desirable in the fabrication of which of the following components? 
(a) Main memory (b) Cache memory 

(c) Micro program memory (d) All of the above 

Which of the following is the programmable internal timer? 


(a) 8251 (b) 8250 (c) 8253 (d) 8275 

The idea of cache memory is based on the 

(a) property of locality of reference 

(b) fact that only a small portion of a program is referenced relatively frequently 


*29, 
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(c) heuristic 90-10 rule 

(d) fact that references generally tend to cluster 

Which of the following weights makes the complement operation easier in BCD form? 
(a) 8-4-2-1 (b) Excess-3 (c) 2-4-2-1 (d) 3-2-1-0 

The sequence of events that happen during a typical fetch operation is 

(a) PC —> MAR > Memory > MDR —- IR 

(b) PC + Memory —> MDR > IR 

(c) PC > Memory —> IR 

(d) PC — MAR > Memory —> IR 

Any given Boolean expression can be implemented by using 

(a) only NAND gates (b) only NOR gates 

(c) only OR gates (d) only AND gates 

To get Boolean expression in the product of sum form, from a given Karnaugh map 
(a) don’t care conditions should not be present 

(b) don’t care conditions, if present, should be taken as zeroes 

(c) one should cover all the 0’s present and complement the resulting expression 

(d) one should cover all the 1’s present and complement the resulting expression 
The Boolean expression AB+ AB’ +A’ C+AC is unaffected by the value of the Boolean 
variable 

(a) A (b) B 
(e) C (d) none of the above 


The minimum number of gates required to implement the Boolean expression 
AB+AB’ + A’C is 


(a) 1 AND gate and 1 OR gate (b) 2 NAND gates 

(c) 3 AND gates and 2 OR gates (d) none of the above 
Property of locality of reference may fail if a program has 

(a) many conditional jumps (b) many unconditional jumps 
(c) many operands (d) none of the above 

Which of the following comments about half adder are true? 


(a) It adds 2 bits. 

(b) It is called so because a full adder involves two half-adders. 

(c) It does half the work of a full adder. 

(d) It needs two input and generates two output. 

The binary equivalent of the decimal number 0.4375 is 

(a) 0.0111 (b) 0.1011 (c) 0.1100 (d) 0.1010 

The Boolean expression (A + C)(AB’ + AC)(A’C’ + B’) can be simplified to 
(a) AB’ (b) AB + A’'C (c) A'B + BC (d) AB + BC 
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A byte addressable computer has a memory capacity of 2” kbytes and can perform 2” 
operations. An instruction involving 3 operands and one operator needs a maximum of 
(a) 3m bits (b) 3m + n bits 

(c) m+n bits (d) none of the above 

In the previous question, if the computer is word addressable with the word size being 
8 bytes then the answer will be 

(a) 3m bits (b) 3m + n bits 

(c) m+n bits (d) none of the above 

The number of columns in a state table for a sequential circuit with ‘m’ flip-flops and 


‘n’ input is 
(a) m+n (b) m+ 2n (c) 2m+n (d) 2m + 2n 


A computer uses ternary system instead of the traditional binary system. An ‘n’ bit 
string in the binary system will occupy 
tog 2 ed 
(a) 3 + n ternary digits (b) = ternary digits 
(c) n(log,3) ternary digits (d) n(log;2) ternary digits 
The Boolean expression A’BE + BCDE + BC’D’E + A’B’DE’ + B’C’DE’ 


can be simplified to BE + B’ DE’, if the don’t care conditions are 
(a) ABCDE + AB’CDE’ 
(b) ABCD + AB’CDE’ + ABCD’E 
(c) ABC’DE + AB’CDE’ + ABCD’E 
(d) none of the above 


The decimal equivalent of the binary number 101.101 is 

(a) 5.6249 (b) 5.625 (c) 5.5 (d) 5.25 
Which of the following does not have 8 data lines? 

(a) 8085 (b) 8086 (c) 8088 (d) Z-80 
Which of the following logic families is well suited for high-speed operation? 
(a) TTL (b) ECL (c) MOS (d) CMOS 
The following arrangement of JK flip-flops does the function of a 


Fig. 2.1 


(a) Shift register (b) Mod-3 counter 
(c) Mod-2 counter (d) none of the above 
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Negative numbers cannot be represented in 

(a) signed magnitude form (b) P’s complement form 

(c) 2’s complement form (d) none of the above 

The addressing mode used in an instruction of the form ADD X Y, is 
(a) absolute (b) immediate (c) indirect (d) index 
The combinational circuit in Fig. 2.2 can be replaced by a 


ee =. 
(a) OR gate (b) XOR gate R 


(c) NOR gate (d) AND gate Fig. 2.2 
(10110011100011110000), in base 32 is 

(a) 22 147 16 (b) 11 9 23 31 (c) 119716 (d) 11 14 23 16 
The XOR operator © is 

(a) commutative (b) associative 

(c) distributive over AND operator (d) none of the above 


Common Data for Questions 53 and 54: 


The following code segment is executed on a processor which allows only register 
operands in its instructions. Each instruction can have atmost two source operands and 
one destination operand. Assume that all variables are dead after this code segment. 


c = a + b; 


d = c * a; 

e =c +a; 

x = cC * C}; 

if (x > a) { 
y = a*a; 

} 

else. { 
d = d * d; 
e = e * &j 

} 

Suppose the instruction set architecture of the processor has only two registers. The 


only allowed complier optimization is code motion, which moves statements from one 
place to another while preserving correctness. What is the minimum number of spills 


to memory in the compiled code? (GATE 2013) 
(a) 0 (b) 1 (c) 2 (d) 3 
What is the minimum number of registers needed in the instruction set architecture of 


the processor to compile this code segment without any spill to memory? Do not apply 
any optimization other than optimizing register allocation. (GATE 2013) 


(a) 3 (b) 4 (c) 5 (d) 6 


60 


MCQs in Computer Science 


55. The circuit in Fig. 2.3 produces the output sequence 
p=), a J Q J Q J Q OUTEUT 
Y| K Q K Q K Q K Q 
CLOCK 
Fig. 2.3 
(a) 1111 1111 0000 0000 (b) 1111 0000 1111 000 
(c) 1111 0001 0011 010 (d) 1010 1010 1010 1010 
*56. On a non-pipelined sequential processor, a program segment, which is a part of the 
interrupt service routine, is given to transfer 500 bytes from an I/O device to memory. 
Initialize the address register 
Initialize the count to 500 
LOOP: Load a byte from device 
Store in memory at address given by address register 
Increment the address register 
Decrement the count 
Tf count != 0 go to LOOP 
Assume that each statement in this program is equivalent to a machine instruction which 
takes one clock cycle to execute if it is a non-load/store instruction. The load-store 
instructions take two clock cycles to execute. 
The designer of the system also has an alternate approach of using the DMA control- 
ler to implement the same transfer. The DMA controller requires 20 clock cycles for 
initialization and other overheads. Each DMA transfer cycle takes two clock cycles to 
tranfer one byte of data from the device to the memory. 
What is the approximate speedup when the DMA controller based design is used in 
place of the interrupt driven program based input-output? (GATE 2011) 
(a) 3.4 (b) 4.4 (c) 5.1 (d) 6.7 
*57. The truth table 
x Y SX Y) 
0 0 0 
0 1 0 
1 0 1 
1 1 1 
represents the Boolean function (GATE 2012) 


(a) X (b) X+ ¥ (c) XOY (d) Y 
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*58 Consider evaluating the following expression tree on a machine with load-store architec- 


*59, 


*60. 


*61. 


ture in which memory can be accessed only through load and strore instructions. The 
variables a, b, c, d and e are initially stored in memory. The binary operators used in 
this expression tree can be evaluated by the machine only when the operands are in 
registers. The instructions produce result only in a register. If no intermediate results 
can be stored in memory, what is the minimum number of registers needed to evaluate 
this expression? (GATE 2011) 


Fig. 2.4 
(a) 2 (b) 9 (c) 5 (d) 3 
If (11P1Q) = (12C9),, (C stands for decimal 12), then the values of P and Q 
are 
(a) 5,1 (b) 7,5 
(c) 5,7 (d) none of the above 
The total number of possible Boolean functions involving ‘n’ Boolean variables is 
(a) infinitely many (b) n” 
(c) n? (d) none of the above 
Consider an instruction pipeline with four stages (S1, S2, S3 and S4) each with com- 


binational circuit only. The pipeline registers are required between each stage and at 
end of the last stage. Delays for the stages and for the pipeline registers are as given 
in the figure. 
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Pipeline Register (Delay 1ns) 


| Pipeline Register (Delay 1ns) 


| Pipeline Register (Delay 1ns) 


Fig. 2.5 
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What is the approximate speed up of the pipeline in steady state under ideal conditions 
when compared to the corresponding non-pipeline implementation? (GATE 2011) 


(a) 4.0 (b) 2.5 (c) 1.1 (d) 3.0 

How many 2-input multiplexers are required to construct a 2*°-input multiplexer? 
(a) 1023 (b) 31 (c) 10 (d) 127 

Let A be a set having ‘n’ elements. The number of binary operations that can be defined 
on A is 

(a) n” (b) 2” (c) n” (d) 2” 

The values of x and y, if (x567) + (2yx5) = (71yx)ęis 

(a) 4,3 (b) 3,3 (c) 4,4 (d) 4,5 

A decimal number has 25 digits. The number of bits needed for its equivalent binary 


representation is, approximately, 

(a) 50 (b) 60 (c) 70 (d) 75 

The number of instructions needed to add ‘n’ numbers in memory and store the result 
in memory using only one address instructions is 


(a) n (b) n-1 
(c) n+1 (d) independent of n 
The Boolean expression corresponding to the circuit in Fig. 2.6 is 


=a 
= Liat 


Fig. 2.6 


(a) a tautology (b) an inconsistency 

(c) independent of A (d) none of the above 

The clock of a microprocessor can be divided by 5 using a 

(a) 3 bit counter (b) 5 bit counter (c) mod 5 counter (d) mod 3 counter 
The minimal cover for the maximal compatibility classes {ae, acd, ad, bd} is 
(a) ae, acd, ad (b) acd, ad, bd 

(c) ae, acd, bd (d) ae, ad, bd 

The values of P, Q, and R, if 47080 is the 10’s complement of RPRPO are 

(a) 4, 3,2 (b) 5, 4,4 (c) 3,4, 5 (d) 2,4, 5 

The reasons for the presence of ALE pin in 8085, but not in 6800 is that 


(a) 8085 uses I/O mapped I/O, whereas 6800 uses memory mapped I/O 
(b) 8085 has 5 interrupt lines, whereas 6800 has only 2 
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(c) 8085 has multiplexed bus, whereas 6800 doesn’t have 

(d) none of the above 

The decimal value 0.5 in IEEE single precision floating point representation has 
(GATE 2012) 

(a) fraction bits of 000...000 and exponent value of 0 

(b) fraction bits of 000...000 and exponent value of —1 

(c) fraction bits of 100...000 and exponent value of 0 

(d) no exact representation 

In which of the following instructions bus idle situation occurs? 

(a) EI (b) DAD rp (c) INX H (d) DAA 


Any instruction should have at least 
(a) 2 operands (b) 1 operand 
(c) 3 operands (d) none of the above 
Consider the circuit in Fig. 2.7. 
X 
— > 
y ? 


Fig. 2.7 


In order to make it a tautology, the ‘?’ marked box should be replaced by 

(a) an OR gate (b) an AND gate (c) a NAND gate (d) a NOR gate 

If the cache needs an access time of 20 ns and the main memory 120 ns, then the aver- 
age access time of a CPU is (assume hit-ratio is 80%) 

(a) 30 ns (b) 40 ns (c) 35 ns (d) 45 ns 

The number of clock cycles necessary to complete 1 fetch cycle in 8085 (excluding 
wait state) is 

(a) 3 or 4 (b) 4 or 5 (c) 4 or6 (d) 3 or 5 

The seek time of a disk is 30 ms. It rotates at the rate of 30 rotations per second. Each 
track has a capacity of 300 words. The access time is approximately 


(a) 47 ms (b) 50 ms (c) 60 ms (d) 62 ms 
The amount of ROM needed to implement a 4-bit multiplier is (GATE 2012) 
(a) 64 bits (b) 128 bits (c) 1 Kbits (d) 2 Kbits 


The possible number of Boolean functions of 3 variables X, Y and Z such that 
f (X,Y,Z) = f(X’, Y’, Z’) is 
(a) 8 (b) 16 (c) 64 (d) 32 


64 


81. 


*82. 


83. 


84. 


*85. 


86. 


87. 


88. 


MCQs in Computer Science 


Which of the following interrupt is both level and edge sensitive? 
(a) RST 5.5 (b) INTR (c) RST 7.5 (d) TRAP 
What is the minimal form of the karnaugh map shown below? Assume that X denotes 
a don’t care term. (GATE 2012) 

ab 

00 01 11 10 

cd 

00 1 X X 1 

01 X 1 

11 

10 1 X 

Fig. 2.8 

(a) bd (b) bd+be (c) bd+abcd (d) bd+bc+cd 
The addressing mode used in the instruction PUSH B is 
(a) direct (b) register (c) register indirect (d) immediate 


The most relevant addressing mode to write position independent code is 
(a) direct mode (b) indirect mode (c) relative mode (d) indexed mode 


The smallest integer that can be represented by an 8-bit number in 2’s complement 
form is (GATE 2013) 
(a) -256 (b) -128 (c) -127 (d) 0 


Which of the following rules regarding the addition of 2 given numbers is correct, if 
negative numbers are represented in 2’s complement form? 

(a) Add sign bit and discard carry, if any. 

(b) Add sign bit and add carry, if any. 

(c) Don’t add sign bit and discard carry, if any. 

(d) Don’t add sign bit and add carry, if any. 

When INTR is encountered, the processor branches to the memory location, which is 
(a) 0024H 

(b) determined by the ‘call address’ instruction issued by the I/O device 

(c) determined by the ‘RST n” instruction issued by the I/O device 

(d) all of the above 

The advantage of a single bus over a multi-bus is the 

(a) low cost 

(b) flexibility in attaching peripheral devices 

(c) high operating speed 

(d) all of the above 
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The number of possible Boolean functions that can be defined for n Boolean variables over 
n-valued Boolean algebra is 


(a) 2” (b) 2 (c) n” (d) y” 


In the following truth table, V = 1 if and only if the input is valid. (GATE 2013) 
Inputs Outputs 
Dy | Di | D| D | Xo | xX | V 
0 10 0 |0 x |X 0 
1 J0 0 l0 0 |0 1 
x Jl 0 |0 0 ll 1 
x |X 1 0 1 0 1 
x |x x |l 1 l 1 


What function does the truth table represent? 


(a) Priority encoder (b) Decoder 

(c) Multiplexer (c) Demultiplexer 

A parallel printer uses 

(a) RS-232C interface (b) centronics interface 

(c) handshake mode (d) synchronous data transfer mode 
A microprogrammed control unit 


(a) is faster than a hard-wired control unit 

(b) facilitates easy implementation of new instructions 

(c) is useful when very small programs are to be run 

(d) usually refers to the control unit of a microprocessor 

Which of the following are typical characteristics of a RISC machine? 

(a) Instruction taking multiple cycles 

(b) Highly pipelined 

(c) Instructions interpreted by microprograms 

(d) Multiple register sets 

The working of a staircase switch is a typical example of the logical operation 
(a) OR (b) NOR 

(c) Exclusive-OR (d) Exclusive-NOR 

The exponent of a floating-point number is represented in excess-N code so that 
(a) the dynamic range is large 

(b) the precision is high 

(c) the smallest number is represented by all zeroes 

(d) overflow is avoided 

On receiving an interrupt from an I/O device, the CPU 

(a) halts for a predetermined time 

(b) hands over control of address bus and data bus to the interrupting device 
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(c) branches off to the interrupt service routine immediately 
(d) branches off to the interrupt service routine after completion of the current 
instruction 


The Karnaugh map for the Boolean function F of 4 Boolean 

variables is given in Fig. 2.9. A,B,C are don’t care condi- È 
tions. What values of A,B,C, will result in the minimal l 1 
expression? i B c 
CEA E E ! 
(b)B = C = 1; A = 0 Fig. 2.9 
(c) A = C = 1; B= 0 


(d A = B= 1; C = 0 

In serial communication, an extra clock is needed 

(a) to synchronize the devices (b) for programmed baud rate control 
(c) to make efficient use of RS-232 (d) none of the above 


If negative numbers are stored in 2’s complement form, the range of numbers that can 
be stored in 8 bits is 

(a) — 128 to + 128 (b) — 128 to + 127 

(c) — 127 to + 128 (d) — 127 to + 127 

If SUB A,BmeansB - A,thenSUB 4(R0), *5(R1) means( (X) means content 
of register or memory location X) 

(a) (( (R1) + 5)) > (4* (R07) 

(b) (( (R1) + 5)) =- ((R0O) + 4) 

(c) ( (RI) + 5) =- (4*(RO)) 

(d) ( (R1) + 4) - (RO + 4) 

A computer uses a floating-point representation comprising a signed magnitude fractional 


mantissa and an excess-16 base-8 exponent. What decimal number is represented by a 
floating-point number whose exponent is 10011, mantissa 101000, and the sign bit set? 


(a) —6250 (b) —20480 (c) -320 (d) —0.00122 
The binary equivalent of the Gray code 11100 is 

(a) 10111 (b) 00111 (c) 01011 (d) 10101 

The minimum number of 2-input NAND gates required to implement the function 


F = (x'+y')(z+w) is 

(a) 3 (b) 4 (c) 5 (d) 6 

The output of a 3-input logic circuit f (x,y,z) is lif ax+tby+cz < dand 0, 
otherwise (a, b, c, d are constants). For what values of a, b, c, d does this represent 
an implementation of the AND gate? 


(a) a=b=cH=1;0d=5/2 (b) a=b=c 1; d=-5/2 

(c) a=b=cH=1,0d=3/2 (d a=b=c 1; d =-3/2 

Which of the following is the minimum error code? 

(a) Octal code (b) Binary code (c) Gray code (d) Excess-3 code 
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A certain machine uses expanding opcode. It has 16 bit instructions and 6 bit ad- 
dresses. It supports one address and two address instructions only. If there are ‘n’ two 
address instructions, the maximum number of one address instruction is 


(a) 2° =n (b) 2'°—n (c) 2f- n) x 2° (d) 2! 


How many characters per sec (7 bits + parity) can be transmitted over a 2400-bps line in 
asynchronous mode? 
(a) 300 (b) 240 
(c) 320 (d) None of the above 
The Boolean expression A + BC equals 
(a) (A’+B) (A’+C) (b) (A+B) (A+C) 
(c) (A+B) (A’+C) (d) none of the above 
In a ripple counter using edge-triggered JK flip-flops, the pulse input is applied to the 
(a) clock input of all flip-flops (b) clock input of one flip-flop 
(c) J and K input of one flip-flop (d) J and K input of all flip-flops 
The logic circuit in Fig. 2.10 performs the function of a 
A f 
B 
D 
= y — 
Fig. 2.10 

(a) half-adder (b) full-adder (c) ring counter (d) ripple counter 
In a positive edge triggered JK flip-flop, a low J and a low K produces 
(a) high state (b) low state (c) toggle state (d) no change 
Which one of the following expressions does NOT represent exclusive NOR of x 
and y? (GATE 2013) 
(a) xy tx’ (b) xy (c) x @y (d) x’ ey 
An assembler that runs on one machine but produces machine code for another machine 
is called 
(a) simulator (b) emulator 
(c) cross-assembler (d) boot-strap loader 
When even-parity ASCII text is transmitted asynchronously at a rate of 10 characters 


per sec over a 110-bps line, what percentage of the received bits actually contain data 
(as opposed to overhead)? 


(a) 7/11 (b) 8/11 (c) 700/11 (d) 80/11 
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115. Which of the following is not typically found in the status register of a microprocessor? 
(a) Overflow (b) Zero result 
(c) Negative result (d) None of the above 

116. The output F, of the circuit given in Fig. 2.11 is given by 


AI eg 


(a) 1 (b) 0 (c) X (d) X’ 
117. Most of the digital computers do not have floating-point hardware because 


(a) it is costly 
(b) it is slower than software 
(c) floating-point addition cannot be performed by hardware. 
(d) none of the above 
118. ‘w’ flip-flops will divide the clock frequency by a factor of 


(a) n° (b) n (c) 2” (d) log (n) 
119. A toggle operation cannot be performed using a single 
(a) NOR gate (b) AND gate (c) NAND gate (d) XOR gate 


120. Microprogram is 

(a) the name of a source program in microcomputers 
(b) the set of instructions indicating the primitive operations in a system 
(c) a primitive form of macros used in assembly language programming 
(d) a program of very small size 

*121. Consider the following sequence of micro-operations. (GATE 2013) 
MBR < PC 
MAR e X 
PC<Y 
Memory «+ MBR 
Which one of the following is a possible operation performed by this sequence? 
(a) Instruction fetch (b) Operand fetch 
(c) Conditional branch (d) Initiation of interrupt service 
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A subtractor is not usually present in a computer because 

(a) it is expensive 

(b) it is not possible to design it 

(c) the adder will take care of subtraction 

(d) none of the above 

Let a „ap-1 ... a a, be the binary representation of an integer b. The integer b is 
divisible by 3 if 

(a) the number of one’s is divisible by 3 

(b) the number of one’s is divisible by 3, but not by 9 

(c) the number of zeroes is divisible by 3 

(d) the difference of alternate sum, i.e., (ag + a + ...)— (a, + a +...) is divisible by 3 


Which of the following 4-bit numbers equals its 2’s complement? 

(a) 1010 (b) 0101 

(c) 1000 (d) No such number exists 
Which of the following 4-bit numbers equals its 1’s complement? 

(a) 1010 (b) 1000 

(c) No such number exists (d) None of the above 

FFFF will be the last memory location in a memory of size 

(a) 1k (b) 16k (c) 32k (d) 64k 

If you want to design a boundary counter, you should prefer a flip-flop of 
(a) D-type (b) SR-type (c) latch (d) JK type 
Suppose the largest n-bit binary number requires ‘qd’ digits in decimal representation. 


Which of the following relations between ‘n’ and ‘d’ is approximately correct? 

(a) d= 2" (b) n= 24 (c) d< n logio2 (d) d> n logy 2 

A computer uses 8-digit mantissa and 2-digit exponent. If a = 0.052 and b = 28£+11, then 
b+a-b will 


(a) result in an overflow error (b) result in an underflow error 
(c) be 0 (d) be 5.28£+11 
In Question 129, ‘a’ will actually be stored as (in the answer choices, the ‘/’ separates 


the mantissa and the exponent) 


(a) 00000000/00 (b) 05200000/00 

(c) 52000000/-09 (d) 52000000/-01 

Which of the following binary numbers are not divisible by 4? 

(a) 10101010101010 (b) 100101100 

(c) 1110001110001 (d) 1111000011 

A computer with a 32-bit wide data bus uses 4 K x 8 static RAM memory chips. The 


smallest memory this computer can have is 
(a) 32 kb (b) 16 kb (c) 8 kb (d) 24 kb 
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Word 20 contains 40 
Word 30 contains 50 
Word 40 contains 60 


Word 50 contains 70 
Which of the following instructions loads 60 into the accumulator? 
(a) load immediate 60 (b) load direct 30 
(c) load indirect 20 (d) load indirect 30 
An index register in a digital computer is used for 
(a) pointing to the stack address 
(b) indirect addressing 
(c) keeping track of number of times a loop is executed 
(d) address modification 


A RAM chip has a capacity of 1024 words of 8 bits each (1K x 8). The number of 
2 x 4 decoders with enable line needed to construct a 16K x 16 RAM from 1K x 8 
RAM is (GATE 2013) 


(a) 4 (b) 5 (c) 6 (d) 7 

A microprocessor with a clock frequency of 100 MHz will have a clock period of 
(a) I ns (b) 10 ns (c) 100 ns (d) 1000 ns 
Which of the following is volatile? 

(a) Bubble memory(b) RAM (c) ROM (d) Magnetic disc 
The program below uses six temporary variables a, b, c, d, e, f. 


a=1 

b= 10 
c= 20 
d=at+b 
e=ct+d 
f=cte 
b=ct+e 
e=b+f 
d=5+e 
return d+ f 


Assuming that all operations take their operands from registers, what is the minimum 
number of registers needed to execute this program without spilling? (GATE 2010) 


(a) 2 (b) 3 (c) 4 (d) 6 

The cost for storing a bit is minimum in 

(a) cache (b) register (c) RAM (d) magnetic tape 
Introducing parity bit for error detection does not imply 

(a) increase in the length of the code (b) increase in the hardware of the system 


(c) automatic error correction (d) odd number of error detection 
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141. How many flip-flop circuits are needed to divide by 16? 

(a) 2 (b) 4 (c) 8 (d) 16 
142. A flip-flop circuit can be used for 

(a) counting (b) scaling (c) rectification (d) demodulation 
143. The number of |’s in the binary representation of the decimal expression 

16°x9 + 16°x7 + 16x5 + 3is 


(a) 15 (b) 12 (c) 9 (d) 6 
144. Which of the following instructions will not be there in a memory-mapped I/O system? 
(a) LDA (b) IN (c) ADD (d) OUT 


145. The TRAP interrupt mechanism of the 8085 microprocessor 
(a) executes an RST by hardware 
(b) executes the instruction supplied by external device through the INTA signal 
(c) executes an instruction from memory location 20 H 
(d) executes a NOP 
146. The ALE line of an 8085 microprocessor is used to 


(a) latch the output of an I/O instruction into an external latch 
(b) deactivate the chip-select signal from memory devices 
(c) latch the 8 bits of address lines AD7-ADO into an external latch 
(d) find the interrupt enable status of the TRAP interrupt 
147. Consider an 8085-based system operating with the following specifications: 
Crystal frequency - 6 MHz 
ROM map-0000 through O7FF 
RAM map-1000 through 17FF 
ROM requires 1 wait state 


RAM requires no wait state 
Assume the content of PC is 0200. 
The instruction cycle time needed for the instruction ORI A, 22 is 


(a) 8 (b) 9 (c) 10 (d) 11 
148. In Question 147, the instruction DCR M, needs an instruction cycle time of 
(a) 11 (b) 12 (c) 13 (d) 14 


*149, With a clock frequency of 3 MHz, the execution time for the instruction, “STA addr” 

of 8085 will be 
(a) 4333 ns (b) 3975 ns (c) 3115 ns (d) 3960 ns 

150. Choose the incorrect statement. 
For a microprocessor system using I/O mapped I/O 
(a) memory space available is greater 
(b) not all data transfer instructions are available 
(c) I/O and memory address spaces are distinct 
(d) I/O address space is greater 
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All the questions, unless otherwise stated, are relevant to 8085. 
151. The first operation performed in INTEL 8085 after RESET is 
(a) instruction fetch from location 0000h 
(b) memory read from location 0000h 
(c) instruction fetch from location 8000h 
(d) stack initialization 
152. RLC instruction is equivalent to 


(a) STC (b) DAD H (c) CMC (d) ADC C 
153. After the execution of CMP A instruction 

(a) ZF is set and CY is reset (b) ZF is set and CY is unchanged 

(c) ZF is reset and CY is set (d) ZF is reset and CY is unchanged 
154. The 8085 uP will enter into INA cycle after the recognition of 

(a) any interrupt (b) TRAP only 

(c) INTR only (d) RST 7.5, 6.5, & 5.5 only 


155. Which of the following lists the interrupts in decreasing priority? 
(a) TRAP, RST 5.5, RST 6.5, RST 7.5, INTR 
(b) INTR, TRAP, RST 7.5, RST 6.5, RST 5.5 
(c) TRAP, RST 7.5, RST 6.5, RST 5.5, INTR 
(d) RST 7.5, RST 6.5, RST 5.5, TRAP, INTR 
156. The interrupt vector address for TRAP is 


(a) 0000h (b) 0024h (c) 0018h (d) 002Ch 
157. In order to reset carry without affecting accumulator content, one has to use 
(a) SUB A (b) XRA A (c) ORA A (d) CMC 


158. Consider the following program fragment. 
LXI H, 0106H 


DCR L 
LOOP : DCX H 
NZ LOOP 
HLT 
LOOP will be executed 
(a) 105 times (b) 261 times (c) 0 times (d) forever 
159. Consider the following program fragment. 
START : MVI C, FFH 
INX B 
LOOP : ADD B 
DCR C 
JAZ LOOP 
HLT 


LOOP will be executed 
(a) 255 times (b) only onetime (c) 256 times (d) forever 
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160. Consider the following four instructions. 


161. 


162. 


163. 


164. 


165. 


166. 


167. 


168. 


(1) PUSH PSW (2) CALL ADDR (3) XTHL (4) RST n 
The stack pointer will be affected by the instruction(s) 
(a) 1 only (b) 1 and 2 only (c) 1,2, and 4 only (d) 1, 2, and 3 only 
MVI B, 00 
MVI A, 1cH 
DCR B 
DAA 
STA TEMP 
HLT 
The content of the TEMP location after the execution of the above program is 
(a) 1Ch (b) 22h (c) 82h (d) 12h 
Which of the following instructions requires the most number of T-states? 
(a) MOV A, B (b) MOV A, M (c) LDAX B (d) DAD D 
Consider the following program. Assume that the program is stored in R/W memory. 
Initial condition: (A000H) = OOH 
8000: 31 07 80 LXI SP, 8007H 
8003: 3E 76 MVI A, 76H 
8005: F5 PUSH PSW 
8006: 3A 00 AO LDA AOOOH 
8009: F1 POP PSW 
800A: 3A 00 AO STA AOOOH 
800D 76 HLT 
The content of the location AO00H after the execution of the above program is 
(a) 76h (b) 00h (c) FFh (d) 55h 
The 8085 uP enters into wait state after the recognition of 
(a) HOLD (b) *READY (c) *RESET-IN (d) INTR 
Maximum number of I/O devices that can be addressed by Intel 8085 is 
(a) 65,536 (b) 255 (c) 512 (d) 256 
The uP may be made to exit from HALT state by asserting 
(a) RESET (b) any of the five interrupt lines 
(c) READY line (d) option (a) or option (©) or HOLD line 


The number of RAM chips of size (256 K x 1) required to build a 1 Mbyte memory 
is 


(a) 8 (b) 32 (c) 10 (d) 24 
8000: 31 -07 80 LXI SP, 8007H 
8003: AF XRA A 
8004: FE OA CPI OAH 


8006: D8 RC 
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8007: OC INR C 
8008: 80 ADD B 
8009: 02 STAX B 
800A: 06 FF MVI B, FFH 
800C: 32 00 90 STA 9000H 
800F: 76 HLT 
The value stored at the location 9000H after the execution of the above program is 
(a) OAH (b) 90H (c) 00H (d) FFH 
The 8085 uP enters into bus idle machine cycle whenever 
(a) INTR interrupt is recognized (b) RST x.5 is recognized 
(c) DAD rp instruction is executed (d) none of the above 
It is given that the clock input frequency of 8085 uP #1 is 4 MHz and CLKOUT of 
8085 uP #2 is 4 MHz. This means that 
(a) uP #1 will be faster than uP #2 (b) uP #2 will be faster than uP #1 
(c) both will be at the same speed (d) none of the above 
In order to complement the lower order nibble of the accumulator, one can use 
(a) ANI OFh (b) XRI OFh (c) ORI OFh (d) CMA 
During opcode fetch, the state of SO and S1 is 
(a) 00 (b) 01 (c) 10 (d) 11 
The total number of modes of operation for 8255 is 
(a) 1 (b) 2 (c) 3 (d) 4 
After reset 8255 will be in 
(a) mode 0, all ports are input (b) mode 0, all ports are output 
(c) mode 2 (d) unchanged condition 
The uP issues ALE during first T-state of 
(a) fetch cycle only (b) memory read cycle only 
(c) memory write cycle only (d) every machine cycle 
Intel 8085 is a 
(a) 8-bit microprocessor (b) 4-bit microprocessor 
(c) 16-bit microprocessor (d) 32-bit microprocessor 
The maximum addressing capability of Intel 8085 is 
(a) 4 kbytes (b) 64 kbytes (c) 32 kbytes (d) 1 Mbytes 
The data lines of 8085 processor are multiplexed with 
(a) higher order address lines (b) lower order address lines 
(c) status lines (d) none of the above 
After reset, the CPU begins execution from memory location 
(a) 0000H (b) 0001H (c) FFFFH (d) 8000H 


The following program, intended to transfer a block of 5 bytes from A000H to 9000H, 
did not work because, 
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BEGIN : LXI B, 9000H; starting address of destination 
block 
LXI H, A000H; starting address of source block 
MVI C, 05H ; count = 5 
LOOP : MOV A, M 
STAX B ; block copy 
INX X 
INX H 
DCR C 
JNZ LOOP 
HLT 


(a) JNZ instruction is used instead of JZ 

(b) C register is used as counter 

(c) the starting address of the destination block is altered as 9005H 
(d) DCR C instruction will not affect zero flag 

RST 3 instruction will cause the processor to branch to the location 


(a) 0000h (b) 0018h (c) 0024h (d) 8018h 
Which one of the following interrupts is non-maskable? 

(a) TRAP (b) RST 7.5 (c) INTR (d) RST 6.5 
Which one of the following instructions will never affect the zero flag? 

(a) DCR reg (b) ORA reg (c) DCX rp (d) XRA reg 


The contents of the A15-A8 (higher order address lines) while executing “IN addr” 
instruction are 


(a) same as the contents of A7-A0 (b) irrelevant 

(c) all bits reset (i.e. 00h) (d) all bits set (i.e. FER) 

Which of the following peripheral ICs is used to interface keyboard and display? 
(a) 8251 (b) 8279 (c) 8259 (d) 8253 

The only interrupt that is edge-triggered is 

(a) INTR (b) TRAP (c) RST 7.5 (d) RST 5.5 
Which one of the following instructions may be used to clear the accumulator content 
(i.e. A = OOh) irrespective of its initial value? 

(a) CLR A (b) ORA A (c) SUB A (d) MOV A, 00h 
The execution of RST n instruction causes the stack pointer to 

(a) increment by two (b) decrement by two 

(c) remain unaffected (d) none of the above 


The stack is nothing but a set of 
(a) reserved ROM address space (b) reserved RAM address space 
(c) reserved I/O address space (d) none of the above 
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190. The instruction used to shift right the accumulator contents by one bit through the carry 
flag bit is 


(a) RLC 


(b) RAL 


(c) RRC 


(d) RAR 


*191. A 5-stage pipelined processor has Instruction Fetch (IF), Instruction Decode (ID), Oper- 
and Fetch (OF), Perform Operation (PO) and Write Operand (WO) stages. The IF, ID, 
OF and WO stages take 1 clock cycle each for any instruction. The PO stage takes 1 
clock cycle for ADD and SUB instructions, 3 clock cycles for MUL instruction, and 6 
clock cycles for DIV instruction respectively. 
Operand forwarding is used in the pipeline. What is the number of clock cycles needed to 
execute the following sequence of instructions? 


Instruction Meaning of instruction 
I, : MUL R,, Ro, Ry R, — Ry *R, 
I, : DIV Rs, R3, R4 R; — R;/Ry 
I, : ADD R,, Rs, R, R,<— R; + R, 
I; : SUB Rs, Ry, Re R; & R, — Rg 
(a) 13 (b) 15 (c) 17 
192. Consider the following program fragment: 

DELAY: LXI H, 0010H 
LOOP: DCX H 

MOV A, L 

ORA H 

XRA A 

JNZ LOOP 

RET 


193. 


The number of times 1 


(a) 16 


(b) 10 


8000: START: 


800 C: 


LOOP will be executed is 


(c) 1 
LXI H, 0001H 
LXI D, 8010H 
XCHG 
DCX D 
JZ 800C 
PCHL 
JMP 8000 
NOP 
HLT 


(GATE 2010) 


(d) infinite 


Referring to the above program, which of the following statements is true? 


(a) The program will loop infinitely. 


(b) The program will reach halt state after the first pass. 
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(c) The program will reach halt state after 8010h times. 
(d) None of the above. 
S0 and S1 pins are used for 


(a) serial communication (b) indicating the processor’s status 
(c) acknowledging the interrupt (d) none of the above 
Pick out the matching pair. 
(a) READY; RIM (b) HOLD; DMA 
(c) SID; SIM (d) SO, S1; Wait states 
Consider the following program: 
ORG 8000H 
START: LXI H, 8000H 
MOVE A, L 
ADD H 
JM XYZ 
RST 0 
XYZ: PCHL 
HLT 


Pick out the correct statement from the following: 

(a) The program will branch to 0000H after JM XYZ 
(b) The program will branch to 0008H after JM XYZ 
(c) The program will halt the processor 

(d) The program will be repeated infinitely 


Assume that the 8255 gets selected whenever A15-A11 are high during I/O read or 
write cycles. The A2 and A1 are connected to A1 and A0 of 8255 chip. Then, the 
address for port C of 8255 is 


(a) 03h (b) FEh (c) FFh (d) FFO3h 

Assume that a slow memory device is interfaced with an 8085 microprocessor and an 
l-wait state generating circuit is connected to READY input. Then, the execution time 
needed for the following program would be, 


iA TEMP 
ADD B 
HLD TEMP 

(a) 43 T-states (b) 30 T-states (c) 40 T-states (d) 33 T-states 


Which of the following instructions may be used to save the accumulator value onto 
the stack? 

(a) PUSH PSW (b) PUSH A (c) PUSH SP (d) POP PSW 

A single instruction to clear the lower four bits of the accumulator in 8085 assembly 
language is 

(a) XRI OFH (b) ANI FOH (c) XRI FOH (d) ANI OFH 
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Which of the following statements is true? 

(a) ROM is a read/write memory. 

(b) PC points to the last instruction that was executed. 

(c) Stack works on the principle of LIFO. 

(d) All instructions affect the flag. 

In a vectored interrupt the 

(a) branch address is assigned to a fixed location in memory 


(b) interrupting source supplies the branch information to the processor through an 
interrupt vector 


(c) branch address is obtained from a register in the processor 

(d) none of the above 

A sequence of two instructions that multiplies the contents of the DE register pair by 
2 and stores the result in the HL register pair (in 8085 assembly language) is 

(a) XCHG and DAD B (b) XTHL and DAD H 

(c) PCHL and DAD D (d) XCHG and DAD H 

The capacity of a memory unit is defined in terms of the number of words multiplied by the 


number of bits/word. The number of separate address and data lines needed for a memory of 
4K x 16 is 


(a) 10, 16 (b) 11, 8 (c) 12, 16 (d) 12, 12 
In the sequential circuit shown below, if the initial value of the output QQ is 00, what 
are the next four values of 0,Q)? (GATE 2010) 
1 T Q T Q 
Clock > > 
Y 
Qo Qı 
Fig. 2.12 


(a) 11,10,01, 00 (b) 10, 11,01,00 (c) 10, 00,01,11 (d) 11, 10, 00, 01 


In a virtual memory system, the address space specified by the address lines of the CPU 
must be than the physical memory size, and than the secondary 
storage size. 

(a) smaller, smaller (b) smaller, larger 

(c) larger, smaller (d) larger, larger 

What is the Boolean expression for the output f of the combinational logic circuit of 


NOR gates given below? (GATE 2010) 
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—) > 


—)>H 


Fig. 2.13 


(a) O+R (b) P+O (c) P+R (d) P+Q+R 
Floating point numbers in a computer are represented by a 10 bit mantissa (including 
sign bit) and a 6-bit exponent (including a sign bit). The approximate value of the 
maximum number that can be represented is (assume the mantissa is stored in normal- 
ized form) 
(a) 2% (b) 2% (c) 222 (d) 23! 
Suppose a system is evolved by extra terrestrial creatures having only 3 fingers. They 
use the figures 0, 1, 2 with 2 > 1 > 0. What will be the binary equivalent of 222 in this 
system? 
(a) 101010 (b) 11000 (c) 10110 (d) 11010 
The Boolean expression for the output £ of the multiplexer shown below is 

(GATE 2010) 


P Q 
Fig. 2.14 


(a) P®OOR b P®OOR (c) P+O+R (dj P+ OAR 

If the total number of states in the fetching and execution phases of an 8085 instruction 
is known to be 7, the number of machine cycles is 

(a) 0 (b) 1 (c) 2 (d) 3 
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. Ifa crystal of 4 MHz frequency is connected to an 8085, the instruction fetch duration 
of a 10-state instruction will be 


(a) 0 us (b) 1 us (c) 2 us (d) 3 us 
A micro programmed control unit 

(a) is faster than a hardwired unit 

(b) facilitates easy implementation of a new instruction 

(c) is useful when small programs are to be run 

(d) all of the above 


The output of the multiplexer circuit in Fig. 2.15 can be 

represented by Cc MUX 
(a) AB + BC’ + CA + BC G 

(b)A + BHC i SELECT 
(c) A + B 

(d) A’B’C + A’BC’ + ABC B 

In a 11 bit computer instruction format, the size of ad- A 

dress field is 4 bits. The computer uses expanding OP 

code technique and has 5 two-address instructions and Fig. 2.15 


32 one-address instructions. The number of zero address 

instructions it can support is 

(a) 256 (b) 2048 (c) 16 (d) 272 

PCHL is an instruction in 8085 which transfers the contents of the register pair HL to 
PC. This is not a commonly used instruction as it changes the flow of control in a rather 
unstructured fashion. This instruction cannot be used in implementing 


(a) if... then ... else construct 
(b) while ... do construct 
(c) case ... structure 
(d) call ... statement 
218. To change an upper case character to a lower case character in ASCII, the correct mask 
and operation should be 
(a) 0100000 and NOR (b) 0100000 and OR 
(c) 0100000 and NAND (d) 1011111 and AND 
219. The number of flip-flops needed to construct a binary modulo N counter is 
(a) N (b) 2” (c) N° (d) log,N 
220. Multiplexing of data/address lines in an 8085 microprocessor reduces the instruction 
execution time. This statement is 
(a) true (b) false 
(c) most likely to be true (d) none of the above 


221. 


Which of the following is unipolar, difficult to fabricate, has very high speed and offers 
good resistance to radiation? 


(a) ECL (b) GaAs (c) TTL (d) CMOS 
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What is A*A, if * is a Boolean operation defined by A*B = AB+A’B’? 


(a) A (b) B (c) 0 (d) 1 
IfC = A*B, then C*A is 
(a) A (b) B (c) 0 (d) 1 


The Boolean variables A, B and C, that solve the Boolean equations AB+A’C = 1 and 
AC+B = 0 simultaneously is 


(a) 1,0,0 (b) 0,1,1 (c) 1,0,1 (d) 0, 0, 1 

P is a 16-bit signed integer. The 2’s complement representation of P is (F87B),,. The 2’s 
complement representation of 8*P is (GATE 2010) 
(a) (C3D8) (b) (187B) yg (c) (F878),6 (d) (987B);6 

Tera is 2 to the power of 

(a) 32 (b) 30 (c) 40 (d) 25 

Von Neumann architecture is 

(a) SISD (b) SIMD (c) MIMD (d) MISD 

To achieve parallelism, one needs a minimum of 

(a) 2 processors (b) 3 processors 

(c) 4 processors (d) none of the above 


Common Data for Questions 229 and 230: 
Consider the following circuit involving three D-type flip-flops used in a certain type of 
counter configuration. 


Fig. 2.16 


If at some instance prior to the occurrence of the clock edge, P, O and R have a value 
0, 1 and 0 respectively, what shall be the value of POR after the clock edge? 


(GATE 2011) 
(a) 000 (b) 001 (c) 010 (d) 011 


82 


*230. 


*231. 


232. 


233. 


234. 


*235. 


*236. 


*237. 


*238. 


MCQs in Computer Science 


If all the flip-flops were reset to 0 at power on, what is the total number of distinct 


outputs (states) represented by POR generated by the counter? (GATE 2011) 
(a) 3 (b) 4 (c) 5 (d) 6 
Let * be a defined as a*b = a’ +b. Let m = a*b. The value of m*a is 
(a) a’ +b (b) a (c) 0 (d) 1 
The correct matching for the following pairs is 

(A) DMA I/O (1) High speed RAM 

(B) Cache (2) Disk 

(C) Interrupt I/O (3) Printer 

(D) Condition Code Register (4) ALU 

(a) A-4, B-3, C-1, D-2 (b) A-2, B-1, C-3, D-4 

(c) A-4, B-3, C-2, D-1 (d) A-2, B-3, C-4, D-1 


Contents of register A after the execution of the following 8085 microprocessor program 
is 

MVI A,55h 

MVI C,25h 

ADD C 

DAA 
(a) 7Ah (b) 80h (c) 50h (d) 22h 
RST 7.5 interrupt in 8085 microprocessor executes service routine from interrupt vector 
location 


(a) 0000h (b) 0075h (c) 003Ch (d) 0034h 

How many 3-to-8 line decoders with an enable input are needed to construct a 6-to-64 line 
decoder without using any other logic gates? (GATE 2007) 
(a) 7 (b) 8 (c) 9 (d) 10 

Consider the following Boolean function of four variables (GATE 2007) 


Sw, x, y, Z) = XC, 3, 4, 6, 9, 11, 12, 14) 
The function is 
(a) independent of one variable (b) independent of two variables 
(c) independent of three variables (d) dependent on all the variables 
Consider a 4-way set associative cache consisting of 128 lines with a line size of 64 
words. The CPU generates a 20-bit address of a word in the main memory. The number 
of bits in the TAG, LINE and WORD fields are respectively (GATE 2007) 
(a) 9, 6, 5 (b) 7, 7, 6 (c) 7,5, 8 (d) 9, 5, 6 
Consider a disk pack with 16 surfaces, 128 tracks per surface and 256 sectors per track. 
512 bytes of data are stored in a bit serial manner in a sector. The capacity of the disk 
pack and the number of bits required to specify a particular sector in the disk are re- 
spectively (GATE 2007) 
(a) 256 Mbyte, 19 bits (b) 256 Mbyte, 28 bits 
(c) 512 Mbyte, 20 bits (d) 64 Gbyte, 28 bits 


*239. 


*240. 


*241. 


*242. 


*243. 


Digital Logic and Computer Organization 83 


Let fw, x, y, zZ) = £ (0,4,5,7,8,9,13,15). Which of the following expressions are NOT 


equivalent to f? (GATE 2007) 
(P) xyz + wxy + wy’z + xz (Q) wy’ + wxy + xz 

(R) w’y’2’ + wxy + xyz + xy’z (S) x’y’2’ + wx’y’ + w’y 

(a) P only (b) Q and S (c) R and S (d) S only 

Define the connective* for the Boolean variables X and Y as: X*Y = XY + X’Y’. 

Let Z = X*Y. Consider the following expressions P, Q and R. (GATE 2007) 
P:X=Y*Z O:Y=X*Z R:X*Y*Z=1 

Which of the following is TRUE? 

(a) Only P and Q are valid. (b) Only Q and R are valid. 

(c) Only P and R are valid. (d) All P, QO, R are valid. 


Suppose only one multiplexer and one inverter are allowed to be used to implement 
any Boolean function of n variables. What is the minimum size of the multiplexer 


needed? (GATE 2007) 
(a) 2” line to 1 line (b) 2”"! line to 1 line 
(c) 2” line to 1 line (d) 2” line to 1 line 
In a look-ahead carry generator, the carry generate function G; and the carry propagate 
function P; for inputs, A; and B, are given by (GATE 2007) 


P,=4;® B; and G,=A,; 


The expressions for the sum bit S, and the carry bit C;., of the look-ahead carry adder are 
given by 


S; =P; ® C,and Cai = G; + P;C,, where Cp is the input carry. 


ETF 


Consider a two-level logic implementation of the look-ahead carry generator. Assume 
that all P, and G, are available for the carry generator circuit and that the AND and OR 
gates can have any number of inputs. The number of AND gates and OR gates needed 
to implement the look-ahead carry generator for a 4-bit adder with S3, S2, S,, So and 
C; as its outputs are respectively 


(a) 6, 3 (b) 10, 4 (c) 6, 4 (d) 10,5 


The control signal functions of a 4-bit binary counter are given below (where X is 
“don’t care”): 


Function 
Clear to 0 
No change 


Load input 


Count next 
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The counter is connected as follows: 


A4 A3 A2 At 
A A oA 


o 


4-bit counter Count = 
Clear 


Load = 0 
Clock 


Inputs 


0 Oo 1 1 


Fig. 2.17 
Assume that the counter and gate delays are negligible. If the counter starts at 0, then 
it cycles through the following sequence: (GATE 2007) 
(a) 0, 3,4 (b) 0, 3, 4, 5 (c) 0, 1, 2, 3, 4 (d) 0, 1, 2, 3, 4, 5 
Consider a pipelined processor with the following four stages: (GATE 2007) 


IF: Instruction Fetch 

ID: Instruction Decode and Operand Fetch 

X: Execute 

B: Write Back 

The IF, ID and WB stages take one clock cycle each to complete the operation. The 
number of clock cycles for the EX stage depends on the instruction. The ADD and SUB 
instructions need 1 clock cycle and the MUL instruction needs 3 clock cycles in the EX 
stage. Operand forwarding is used in the pipelined processor. What is the number of 
clock cycles taken to complete the following sequence of instructions? 


ADD R2, R1, RO R2 & R1 + RO 
MUL R4, R3, R2 R4 € R3 * R2 
SUB R6, R5, R4 RO © R5 - R4 
(a) 7 (b) 8 (c) 10 (d) 14 
Which of the following is TRUE about formulae in Conjunctive Normal Form? 
(GATE 2007) 
(a) For any formula, there is a truth assignment for which at least half the clauses evalu- 
ate to true. 
(b) For any formula, there is a truth assignment for which all the clauses evaluate to 
true. 


= El 


(c) There is a formula such that for each truth assignment, at most one-fourth of the 
clauses evaluate to true. 


(d) None of the above. 
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In a simplified computer the instructions are: (GATE 2007) 
OP R, R; - Performs R, OP R, and stores the result in register R; 
OP m, R; - Performs val OP R; and stores the result in R;. val denotes the 
content of memory location m. 
MOV m, R; - Moves the content of memory location m to register R; 
MOV R;,m_ - Moves the content of register R; to memory location m. 


The computer has only two registers, and OP is either ADD or SUB. Consider the fol- 
lowing basic block: 


th=at+b 
bh=ctd 
tj =e-t, 
C= =6 


Assume that all operands are initially in memory. The final value of the computation 
should be in memory. What is the minimum number of MOV instructions in the code 
generated for this basic block? 
(a) 2 (b) 3 (c) 5 (d) 6 

Common Data for Questions 247, 248, 249: 


Consider the following program segment. Here R1, R2 and R3 are the general purpose 
registers. 


Instruction Operation Instruction size 
(no. of words) 

MOV R1, (3000) Rl < M[3000] 2 

LOOP: MOV R2, (R3) R2 < M[R3] 1 

ADD R2, R1 R2 & R1 + R2 1 

MOV (R3), R2 M[R3] < R2 1 

INC R3 R3 & R3 + 1 1 

DEC R1 Rl ¢R1 - 1 1 

BNZ LOOP Branch on not zero 2 

HALT Stop 1 


Assume that the content of memory location 3000 is 10 and the content of the register 
R3 is 2000. The content of each of the memory locations from 2000 to 2010 is 100. The 
program is loaded from the memory location 1000. All the numbers are in decimal. 


Assume that the memory is word addressable. The number of memory references for 
accessing the data in executing the program completely is (GATE 2007) 
(a) 10 (b) 11 (c) 20 (d) 21 

Assume that the memory is word addressable. After the execution of this program, the 
content of memory location 2010 is: (GATE 2007) 
(a) 100 (b) 101 (c) 102 (d) 110 


Assume that the memory is byte addressable and the word size is 32 bits. If an inter- 
rupt occurs during the execution of the instruction “INC R3”, what return address will 
be pushed on to the stack? (GATE 2007) 


(a) 1005 (b) 1020 (c) 1024 (d) 1040 
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Statement for Linked Answer Questions 250 and 251: 
Consider a machine with a byte addressable main memory of pa bytes. Assume that a 
direct mapped data cache consisting of 32 lines of 64 bytes each is used in the system. 
A 50’ 50 two-dimensional array of bytes is stored in the main memory starting from 
memory location 1100H. Assume that the data cache is initially empty. The complete 
array is accessed twice. Assume that the contents of the data cache do not change in 
between the two accesses. 


How many data cache misses will occur in total? (GATE 2007) 
(a) 48 (b) 50 (c) 56 (d) 59 

Which of the following lines of the data cache will be replaced by new blocks in ac- 
cessing the array for the second time? (GATE 2007) 
(a) line 4 to line 11 (b) line 4 to line 12 

(c) line 0 to line 7 (d) line 0 to line 8 

In the IEEE floating-point representation, the hexadecimal value 0x00000000 corresponds to 


(GATE 2008) 


(a) the normalized value oa (b) the normalized value a 

(c) the normalized value +0 (d) the special value +0 

In the Karnaugh map shown below, X denotes a don’t care term. gg 2 o0 o1 11 10 
What is the minimal form of the function represented by the Kar- aTa ; 
naugh map? (GATE 2008) 

(a) bd+ad 

(b) ab+bd+abd i 

(c) bd+abd to) 11 2 
(d) ab+bdt+ad Fig. 2.18 
Let r denote number system radix. The only value(s) of r that satisfy the equation 
J121, = 11, is/are (GATE 2008) 
(a) decimal 10 (b) decimal 11 

(c) decimal 10 and 11 (d) any value >2 


Given fi, J3 and f in canonical sum of products form (in i 
decimal) for the circuit (GATE 2008) Za a = f 
jf, = 2m (4, 5, 6, 7, 8) 


f = &m (1, 6, 15) h 

f= 2m (1, 6, 8, 15) Fig. 2.19 
then f, is 

(a) Èm (4, 6) (b) Èm (4, 8) (c) Èm (6, 8) (d) Èm (4, 6, 8) 
If P, Q, R are Boolean variables, then 


(P+ O)(P.0 + P.R)(P.R +0) 
simplifies to (GATE 2008) 
(a) P.O (b) P.R (c) PO+R (d) PR+0O 
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(1217); is equivalent to (GATE 2009) 
(a) (1217)i6 (b) (028F)i6 (c) (229719 (d) (0B17)16 

What is the minimum number of gates required to implement the Boolean function (4B 
+ C) if we have to use only 2-input NOR gates? (GATE 2009) 
(a) 2 (b) 3 (c) 4 (d) 5 

How many 32K x 1 RAM chips are needed to provide a memory capacity of 256 
K-bytes? (GATE 2009) 
(a) 8 (b) 32 (c) 64 (d) 128 


A CPU generally handles an interrupt by executing an interrupt service routine 
(GATE 2009) 

(a) as soon as an interrupt is raised 

(b) by checking the interrupt register at the end of fetch cycle 

(c) by checking the interrupt register after finishing the execution of the current instruction 

(d) by checking the interrupt register at fixed time intervals 


The binary operation O is defined as follows: (GATE 2009) 
Which one of the following is equivalent to P v Q? 

(a) -QU-P b) POQ (c) PUQ (d) =P O =Q 
Consider a 4 stage pipeline processor. The number of cycles needed by the four instruc- 
tions I1, I2, I3, I4 in stages S1, S2, S3, S4 is shown below: (GATE 2009) 


What is the number of cycles needed to execute the following loop? 

For (i = 1 to 2) {I1; I2; I3; I4;} (GATE 2009) 
(a) 16 (b) 23 (c) 28 (d) 30 

Consider a 4-way set associative cache (initially empty) with total 16 cache blocks. The 
main memory consists of 256 blocks and the request for memory blocks is in the fol- 
lowing order: 

0, 255, 1, 4, 3, 8, 133, 159, 216, 129, 63, 8, 48, 32, 73, 92, 155. 
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Which one of the following memory block will NOT be in cache if LRU replacement 
policy is used? (GATE 2009) 


(a) 3 (b) 8 (c) 129 (d) 216 

The next two questions are based on the following information. 
A hard disk has 63 sectors per track, 10 platters each with 2 recording surfaces and 
1000 cylinders. The address of a sector is given as a triple <c,h,s>, where c is the cyl- 


inder number, A is the surface number and s is the sector number. Thus, the 0" sector 
is addressed as <0,0,0>, the 1“ sector as <0,0,1>, and so on. 


The address <400, 16, 29> corresponds to sector number: (GATE 2009) 
(a) 505035 (b) 505036 (c) 505037 (d) 505038 

The address of the 1039" sector is (GATE 2009) 
(a) <0,15,31> (b) <0,16,30> (c) <0,16,31> (d) <0,17,31> 

The minterm expansion of £(P, Q, R) = PQ + OR+PR is (GATE 2010) 
(a) m, + m4 + me + m, (b) mo + m, + m3 + ms 

(c) mo + m, + me + m, (d) m, + m3 + m4 + ms 

A main memory unit with a capacity of 4 megabytes is built using 1M x 1-bit DRAM 


chips. Each DRAM chip has 1K rows of cells with 1K cells in each row. The time 
taken for a single refresh operation is 100 nanoseconds. The time required to perform 


one refresh operation on all the cells in the memory unit is (GATE 2010) 
(a) 100 nanoseconds (b) 100*2'° nanoseconds 
(c) 100*2”° nanoseconds (d) 3200*27? nanoseconds 


The next two questions are based on the following information. 
A computer system has an L1 cache, an L2 cache, and a main memory unit connected 
as shown below. The block size in L1 cache is 4 words. The block size in L2 cache 
is 16 words. The memory access times are 2 nanoseconds, 20 nanoseconds and 200 
nanoseconds for L1 cache, L2 cache and main memory unit respectively. 


(GATE 2010) 


L1 Data Bus L2 Data Bus Main 
oM mM 
Cache Peds Cache Á words memory 
Fig. 2.20 

When there is a miss in L1 cache and a hit in L2 cache, a block is transferred from L2 
cache to L1 cache. What is the time taken for this transfer? (GATE 2010) 
(a) 2 nanoseconds (b) 20 nanoseconds 
(c) 22 nanoseconds (d) 88 nanoseconds 
When there is a miss in both L1 cache and L2 cache, first a block is transferred from 
main memory to L2 cache, and then a block is transferred from L2 cache to L1 cache. 
What is the total time taken for these transfers? (GATE 2010) 
(a) 222 nanoseconds (b) 888 nanoseconds 


(c) 902 nanoseconds (d) 968 nanoseconds 
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145. a 146. c 147. b 148. a 
149. a 150. d 151. a 152. b 
153. a 154. c 155. c 156. b 
157. ¢ 158. d 159. c 160. c 
161. b 162. d 163. b 164. b 
165. d 166. d 167. b 168. c 
169. b, c 170. b 171. b 172. d 
173. c 174. a 175. d 176. a 
177. b 178. b 179. a 180. b,c 
181. b 182. a 183. c 184. a 
185. b 186. c 187. c 188. b 
189. b 190. d 191. b 192. ¢ 
193. b 194. b 195. b 196. b 
197. d 198. b, c 199. a 200. a 
201. b 202. c 203. a 204. d 
205. c 206. a 207. c 208. a 
209. d 210. d 211. b 212. c 
213. ¢ 214. b 215. b 216. a 
217. d 218. b 219. d 220. b 
221. b 222. d 223. b 224. d 
225. a 226. c 227. a 228. d 
229. d 230. b 231. b 232. b 
233. b 234. c 235. ¢ 236. b 
237. b 238. a 239. d 240. d 
241. c 242. b 243. d 244. b 
245. d 246. b 247. d 248. a 
249. c 250. c 251. ¢ 252. d 
253. a 254. d 255. € 256. a 
257. b 258. b 259. c 260. c 
261. b 262. b 263. d 264. c 
265. c 266. a 267. d 268. c 
269. a 


Ee $$ 


2. Exclusive OR takes the value 0 if there are even number of 1’s. 
3. X can take the value of either 1 or 0. Substitute and verify the identities. 
4. Form truth table and check the correctness of the options (c) and (d). 


10. 


12. 


16. 


17. 
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. Let A and B be the inputs. The input for the last AND gate will be 


(AB’)'; (A+B") 

i.e., (A+B); (A+B’) 

Output of the last AND gate will be, 

(A’+B) AND (A+B’) 
= A’B’ + AB 

Final output will be, 

(A’ B’+ AB)’=(A+B).(A’+B’) 
= AB’+ BA’ 

This doesn’t correspond to the XNOR. 


. Substitute and verify each of the possibilities. 
. During execution of the current instruction the content is incremented so that it points to 


the next instruction. 
Converting to decimal form, the given equation is 
3+ (2x* 5) + (1x 5 x 5) = 3 + (AX B), 1¢,38 = A x B + 3. So, 
A X B = 35. Possible values for A, B are 1, 35; 5, 7; 7, 5; 35, 1. 
7, 5 and 35, are infeasible, as permissible digits for a number in base ‘r’ are 0, 1, 2, ... 
(r-l). Hence 1 and 5 are the possible values of A. 
Refer Qn. 10. Converting to decimal form, A+2x3 + 1xX3xX3=3+ (2™xA) + 
(1xAxA). Solving for A, we get A = —4 or 3. Both are infeasible. 
(P+Q’'+R’).(P+Q’+R).(P+Q+R’) 
(P+Q'+R’).(P+Q'+R) can be simplified to (P+ Q’ ) 
(P+ OP Ja EFOR I= PP bk PO PRE be OR oe (OE O: F UR 
= P + P(Q+R'+Q’')+ Q + O'R’ 
P + P(1+R’)+ Q+ Q'R’ 
P+ P+ Q'Q + Q'R’ 
= P+ 0 + QR 
P + OR 
X + XY = X.1 + XY = X(1 + Y)+XY = X.1 + 
= X + (X + X) Y = X + 
If that sounds quite unnatural, here is another way. Let K = X 
find K) 
Complementing both sides, K’ = (X + X’Y)’ = X .(X + Y’) 
= XX + XY = 1 + XY 
xy’ 
Again complementing both sides K = (X’Y’)’ = X+Y 


Yo Sak, F Y 


Hence the answer is (a). 
Obviously it shows it is associative. It implies (by the law of duality), the associativity of 
AND also. 
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Complementing both sides, 
(X + (Y + 2)) = ((X + Y) + Z)’ 

X (YZ) = (XY) 2’ (By De Morgan’s law) 
A mod-258 counter has to count from zero to 257 (and restart at zero). Representing 
numbers up to 257 requires [10g,257|] = 9 bits. Thus, the counter requires 9 D type flip- 
flops. 
Karnaugh map is just pictorial representation of a truth table. By covering the l’s, we get 
the sum of product form. By covering the 0’s and then complementing, we get the product 
of sum form. 
Consider the decimal digit 5. Its BCD representation is 0101. If complemented, we get 
1010, i.e., 15 — 5. In general, complementing x gives 15 — x. But correct complemented 
value should be 9 — x. The difference of 6 can be nullified by going for excess-3 code. 
(3 because using it twice, i.e., during the conversion and reconversion process one can 
account for the excess 6.) If a number system uses 20 as the radix, each digit needs 5 bits 
in the equivalent BCD form. So, complement of x, gives 31 — x. But the correct value is 
19 — x. To account for the excess 31 — 19, i.e., 12, we have to use excess-6 code. e.g., 
take 11. Its complement should be 19 — 11 = 8. In excess-6 code, we add 6 to 11, to get 
17. Complementing, we get 31 — 17 = 14. If we subtract the excess 6, we get 14 — 6 = 8. 
By NAND gate as follows. 


A œ] A 
o—— A+B 
B, 
B 


Fig. 2.21(a) 


By NOR gate as follows. 


Pe 


Fig. 2.21(b) 


90 — 10 is a heuristic rule that says 90% of the execution time is spent on 10% of the code. 
Consider the decimal digit 5. Its BCD form is 0101. Complementing, we get 1010, which 
is decimal 10. To make 1010 correspond to decimal 4 (which is the correct complement 
of 5), we can assign the weights 2-4-2-1. This way 1010, will be decimal 4. 
NOR and NAND are universal gates. 
NAND can be simulated by NOR as follows. 
NAND(A, B) = A’ + B’ 
NOR(A, A) = H 
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NOR(B, B) = B’ 
NOR(A’, B’) = (A + B’)’ = AB 
NOR(AB,AB) = (AB)’ = A’ + B’ = NAND(A, B) 


So, it suffices to prove NAND is a universal gate. 


If that is true, it should simulate any Boolean operator. Since the basic operations are OR, 
AND, and complementation, it is enough to prove NAND can simulate these. 


Refer Qn. 25 to see how OR can be simulated. 
It is simple to simulate complementation. 


NAND(A, A) = A 

AND can be simulated as follows. 
NAND(A, B) = (AB)’ 
NAND((AB)’, (AB)’) = AB 


Hence the correct answers are (a) and (b). 


Don’t care conditions need or need not be present. If present, they need or need not be 
used. If they aid in the simplification process, we use them to our advantage. Otherwise 
they are literally don’t care. 
AB + AB’ + A’C + AC A(B + B’) + (Æ + AJC 
A(1) + (1) C =A + C, whichis independent of B. 
The given expression is AB + AB’ + A’C= A(B + B’) + AC = A(1) + AC 
= A + AC = A + C (Refer Qn. 16) 
So, one needs just a single OR gate to implement the given Boolean expression. 
(A + C) (AB’ + AC)= AAB’ + AAC + CAB’ + CAC 
= AB’ + AC + CAB’ + AC (Since X.X = X) 
= AB’ + CAB’ + AC (Since X + X = X) 
So the given Boolean expression is 
(AB’ + CAB’ + AC) (A’C’ + B’)= AB’A’C’ + ABB’ + CAB’A’C’ + CAB’B’ 
+ ACA’C’ + ACB’ 
= 0 + AB’ + 0 + CAB’ + 0 + ACB’ 
= AB’ + ACB’ = AB’ (1 + C) = AB’ 
To specify a particular operation, out of the 2” possible operations, one needs n bits. As 
the machine is byte addressable, to specify a particular byte we need (m + 10) bits (since 
gyn 10) bytes are there). So 3 addresses and | operation needs 3 (m + 10) +n=3 m+ 
n + 30 bits. 
Refer Qn. 39. 
If it is word addressable, then the number of words is 2%” * 1% divided by 23, i.e., 2°"*7 
words. So, one needs 3 (m+ 7)+n=3m+n+21 bits. 
It is 2 m+n. ‘n’ columns for the ‘n’ inputs; 2m columns for storing the ‘m’ present states 
and ‘m’ next states. 
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Fig. 2.22 


The terms A'B] 
D 0 or 


E corresponds to A’ - 
Similarly mark all 


O; B L-E Ly “C 0 or 1; 
1’s and get the Karnaugh map as above. The 1’s 


can be covered in the optimal way, if the slots marked X are set to 1’s. So the three 


X’s in the positions ABCD’E, ABC’D 


TJ 


E, AB’CDE’ are the don’t care conditions to be 


set to 1 and used. Hence the answer i 
The circuit is (a’ + b’ = ab. So, we 


s (c). 


need one AND gate. 


To convert to base 8, we group in 3’s, because A= 8. 


To convert to base 16, we group in 4’s, 
To convert to base 32, we group in 5’s 
Grouping in 5’s, from the right, we can 


because 24 = 16. 
because 2° = 32. 


get the answer. 


It is commutative because A ® B = BOA 

It is associative because (A ® B) ® C = A ® (B @® C) 
It is not distributive over AND because 

A ® (B AND C) = (A ® B) AND (A @ C) 

is not true. For e.g., 1 ® (0 AND 1) = 1 

But (1 ® 0) AND (1 ® 1) = 1 AND 0 = 0 


Initial: r0 = b; rl = a; 


Assumption: First operand is destination. Second and third operands are sources. 


add r0,r0,rl eE E BSG 

mov m, r0; Store ‘c’ to memory. First spill to 
memory 

mul r0,r0,r0; x =-crtenr ro 

cmple r0,rl1,Skip; if (x > a) { 

mul rl,rl,rl; y=a>*a}> rl 

SKIP: mov r0,m; Restore value of ‘c’ into r0. else 
part begins here.. 

mul r0,r0,rl; d =c *a> ro 
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mul r0,r0,r0; d = d * d => r0 


mov r0,m; Once again restore value of ‘c’ from 
memory into r0 


add r0,r0,rl1; e=-ctans iro 


mul r0,r0,r0; = fe y 40 


The following assembly code demonstrates the assignment of registers corresponding to 
the given code segment. 


Code Segment Assembly Code Register Assignment 
c=atb; add r2; rl, r0 rO=b, rl=a; r2=c 
d=c*a; mul rO 22; 71 rO=d, rl=a; r2=c 
e=cta; add r3, r2, rl r3 =e, rl=a; r2=c, r0O=d 
X= e * 67 mul r2, r2, r2 r3 =e, rl=a; r2=x, r0O=d 
if (x>a){ cmple r2, rl, Labell r3 =e, rl=a; r2=x, r0=d 
y=a*a;} mul rl, rl, rl r3 =e, rl=y; r2=x, rO=d 
else{ d=d*d; |Labell: mul r0, r0, r0; |r3 =e, rl=y; r2=x, rO=d 
e=e*e; } mU LES y CIES r3 =e, rl=y; r2=x, rO=d 


In the assembly code, it is assumed that the first register argument is the destination and 
the other two are source operands. cmple is compare and jump to the specified label if 
less than or equal to. 
The interrupt routine takes 2 + 500 x (2 +2 + 1 + 1 + 1) = 3502 clock cycles while the 
DMA option requires 20 + 500 x 2 = 1020 clock cycles. 

3502 
Speed up 1020 3.4 
X values are same as their corresponding f(X, Y) values. So, f(X, Y) =X 
Y values are not same as their corresponding f(X, Y) values. So, f(X, Y) + Y 
J(X, Y) #X+ Y because f(0, 1) = 0 but0+1=1 
f(X, Y) #X® Y because f(0, 1) =0 but0 @1=1 
The given parse tree corresponds to the expression (a — b) + (e — (c + d)). The code that 
is generated is based on not the output of the parser but the output of the optimizer. De- 
pending on the optimizer level to which the compiler is set to, the optimizer shuffles the 
operators/operands, applies mathematical identities, etc. Register assignments take place 
as part of code generation. If the objective is to use the minimum number of registers, 
the expression will be translated to a — b + e — c — d. Only two registers are needed to 
evaluate this expression. 
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. Converting to base 2, the equation reads 

001 001 P 001 Q = 0001 0010 1100 1001 

Here P, Q stand for a group of binary digits. So, grouping the right hand side in 3’s, from 
the right and matching corresponding groups in both the sides, we get Q=001 and 
P=011. So, P =3 and Q=1. 

A single Boolean variable can take the values either 0 or 1, i.e., 2 possible ways. So, ‘n’ 
Boolean variables can take 2 x 2 x 2... (n times) values, i.e., 2” times. So, the truth table 
will have 2” rows. Each row can be assigned one of the 2 values 0 or 1. So, totally Pig 
functions are possible. So, none of the given choices is true. 

In the non-pipelined case, every instruction would spend 5 + 6 + 11 + 8 = 30 ns. 


In the pipelined case, there is no wait time between S, and S,. But for an instruction to 
move from S, to S}, it has to wait for 4 ns. Similarly, S, would wait for 3 ns for an in- 
struction to be moved from S3. The bottleneck is 4 ns. So, at steady state, time required 
to execute four successive instructions is, 4+5+1+4+6+1+4+11+1+4+8+ 
1 = 50 ns. 
30x4 
50 

A 2-input multiplexer can select a single line out of the two-input lines. To select a single 
line out of the 2!°, i.e. 1024 input lines, we have to use 1023 two-input multiplexers. In 
order to select 512 lines out of the 1024, we need 512 two-input multiplexers. After this, 
to select 256 we need 256 two-input multiplexers. Continuing this way, to ultimately get 
a single line, we need a total of 512 + 256 + 128 + 64+ 32+ 16+8+4=+2 +1 = 1023 
two-input multiplexers. 


Achieved speed-up is =2.4 


By definition a binary operator defined on a set Aisa function F : A x A > A. 
The domain, i.e., A X A has n x n elements (because A has n elements). Each of these 
n? elements can be mapped to one of the ‘n’ elements of A. So, totally n” binary opera- 
tions are possible. 


Add 7 and 5. It yields 4 and carries 1 (since it is an octal addition). So, x is 4. Similar 
reasoning, after substituting x = 4, yields y = 3. 

The number M will be such that 1074 < M < 107° 

A decimal number y, needs approximately log y (log is to the base 2) number of bits. 
So binary representation of M needs more than log 10% bits, but less than log 10” bits. 
A typical one address instruction uses that address to specify one operand. The other op- 
erand will be in the accumulator by default. So, to add n given numbers, al, a2,..., an, 
first transfer al to accumulator. Next the instruction ADD a2 - adds the content of a2 
to the accumulator and leaves the sum there. 

Continuing this way, we need n instruction to add n numbers and place the result in the 
accumulator. Finally, to store the result in memory 1 more instruction is needed. So, 
(n + 1) instructions are needed. 

The input to the NAND gate is (A+B’)’ and (A’+B)’, i.e. A'B and AB’. 
So, the output of NAND gate will be (A’BAB’)’ = 0’ = 1. So, F is always 1. Hence 
it is a tautology. 
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Let us denote the given classes in a tabular form as in 

the figure. a aG rd e 
The ‘e’ column has only one 1. That corresponds to am i 
ae. So, ae has to be present in the minimal cover. |@cdj| 1 1 1 
Analyzing the ‘c’ and ‘b’ column, we find acd and ad 1 1 

bd have to be included. Hence the answer. bd 1 1 
From the definition of 10’s complement, 


10° = 47 x 80 + RPRPO Fig. 2.23 

So, P is 2; R is 5; Q is 4. 

(0.5) = (0.1), = 1.0 x 10°! 

The exponent is —1 and the fractional part (that is what is to the right of the binary point) 
is 0 

Operations on stack need no operand address as only the top of stack can be accessed. Top 
of stack will be stored in a register, dedicated for this purpose. Only the operation (e.g. 
POP) needs to be specified. 

To make F, a tautology, its value has to be 1 for all possible input. One input for function F 
is (X+Y) . Ifthe other input is X’ or Y’ or (X+Y) then F=1, always. If it is a NAND gate 
we have X+Y+X’+Y’ = 1, always. 

If it is a NOR gate we have 

X + Y + XY = 1 always. 

Average access time will be (.8 x 20) + (1 — .8) x 120 = 40 ns. 

Access time is seek time plus latency time. Seek time is the time taken by the read- 
write head (i.e., RWH) to get into the right track. Latency time is the time taken by the 
RWH, to position itself in the right sector, so that actual transfer can take place. Here, 
a track has 300 words. So, on an average to position at the right word the RWH should 
traverse 150 words. Time taken for this will be 150/(30 x 300) sec. = 17 ms (approxi- 
mately). So, the access time will be 30 + 17 = 47 ms. 

4-bit multiplier requires two input operands (multiplier and multiplicand) which are 
connected to the address input of the ROM. Product of two N-bit numbers will require 
maximum of 2 x N bits for the product. Thus, the data bus width is 8 bits. Therefore, 
the size of the ROM is 28 x 8 = 2048 bits which is equal to 2 Kbits. 

Totally 256 functions are possible (refer Qn. 60). We have to find how many of these 256 
functions satisfy the condition f (X,Y,Z) = £(X’,Y’,2’) 

eg. iff (0,1,1) = 0, then £(1,0,0) has to be 0. 

This constraint makes only half of the truth table, i.e., 4 rows to take independent values. 
So we have 2* = 16 possible functions. 

Set to 1 the don’t care conditions in row 2 column 1 and row 4 column 4. Find below the 
groupings that would result in the minimal form. 
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Fig. 2.24 
The solid lines simplify to b d. The dotted line simplify to bc 
The minimum number that can be stored in 2’s complement form using n-digits is, —2”"! 
The maximum number would be 2”! — 1 
There are ‘n’ Boolean variables. Each can take one of the n possible values 0, 1, 2, ..., 
n-1. So the truth table will have n” rows. Now each row can take one of the ‘n’ values 
as the output value. So, the possible number of functions are n x n x 7... (n" times), 
ie. n”. 
The encoded outputs X and X, indicate the priority of the four inputs. V indicates that 
at least one of the inputs must be held HIGH. 


Exclusive-OR takes the value 1 if there is an odd eal 
number of 1’s in the input and 0, otherwise. Consider UJ 
the working of a staircase switch. It can be operated by 

two switches, say A and B. If A = 0 and B = 0, the light Ci | 1 
will be off (i.e., 0) Gi | 1 >} 0 
If A = 1 and B = 0, the light will be on (i.e. 1) (1) 
If A = 0 and B = 1, the light will be on (i.e. 1) v= 


If A = 1 and B = 1, the light will be off (i.e. 0). 


The truth table of Exclusive-—OR operation is the very Fig. 2.25 

same. 

IfA = B = 1; C = 0 we can cover all 1’s in the best possible way as given in the 
diagram. 

The mantissa is 1/2 + 1/8 = 0.625 


The exponent is 16 +2 + 1=19 
The required decimal number is —0.625 x 8°"! (-, because sign bit is set; (19 — 16) 
because it is an excess 16 code). 
F = (x’+y’) (wtz) = (xy) (w+z) = (xy)’w + (xy)’z 
= ((xy)’w)’ AND ((xy)’z)’)’ (using the identitya + b = (a’b’)’). 
So 4 NAND gates are required. 
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If it is to be an implementation of the AND gate when x= y=z=1,axtbytcz should 
be less than d. In all other cases f (x, y, z) has to be 0, i.e. axt+byt+cz 2 d. 


Taking a=b=c=-1 and d=-5/2, axtby+cz < d becomes 
-x-y-z < 5/2. 
This is true if x=y=z=1. For all other Boolean combinations of x, y, z, this is false. 
Hence the correct option is (b). 
Another name for Gray code is unit-distance code. 
Option (b) is (A+B) (A+C)= AA + AC + BA + BC 
= A + AC + BA + BC 
= A(1 + C + B) + BC 
= A + BC 


P is the carry and Q is the sum. Check it yourself. 
This could be validated by the following truth table. 
x |y | x Ex- NOR y xw txy | x®y | x Oy x Oy 
0|0 1 1 1 1 0 
0) 1 0 0 0 0 1 
1) 0 0 0 0 0 1 
1} 1 1 1 1 1 0 


The four micro-operations indicate that the current program counter (PC) value is being 
stored in the memory via MBR and the PC value is updated with a new address (Y) which 
could be the first address of the interrupt subroutine. Hence, it is obvious from the given 
sequence that the operation carried out is initiation of interrupt service. 

Shift and add are the primitive operations. 

For example consider 10101011. Number of l’s in even places is 1. Number of 1’s in odd 
places is 4. The difference 4 — 1, is divisible by 3. So, the binary number 10101011 (i.e. 
decimal 171) is divisible by 3, which is true. 

There can’t be any such number. Because, if such a number say x, exists then x+x’ = 
Hen 1, i.e., x+x = 15, (since x’ = x), which is not true for any integer x. 

64 K is 2'° bytes. i.e. 164 bytes i.e., 10000 bytes in hex code. 

So last accessible address is 10000-1 = FFFF. 

The largest ‘n’ bit binary number is 2” — 1. If its equivalent decimal number has ‘d’ digits 
then it has to be less than 10%, So, 2”- 1< 10%, ie. 2” < 104 (approximately), sod > n 
logj92. 

Addition will be performed first. a + b will evaluate to ‘b’ as the significant digits of ‘a’ 
will be lost when it is converted to exponent 11. So, a+ b — b is b — b, which is 0. 

If it is to be divisible by 4, then both the two least significant bits has to be 0. So, only 
option (b) is divisible by 4. 
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135. A total of 32 of IK x 8 RAM is required to implement 16K x 16 RAM of which 16 pairs 


138. 


149. 


191. 


of RAM chips need to be individually enabled. This would require 5 of 2 x 4 decoders 
which make a 4 to 16 decoder. 

The following table depicts how only two registers, R1 and R2, can be used to implement 
the given program fragment. 


R1 R2 Comment 
Content | Content 
a = mov Rl, 1 ; Rl =ae-= I 
a b mov R2, 10; R2 = b = 10 
d b add R1, R2; RI = d = R1 + R2 =a+b 
d € mov R2, 20; R2 = c = 20 
e c add Riy R2; RI = 6 = R1 + R2 =dte 
e f add R2, Rl; R2 = f = R2 + Rl =c +e 
f f mov Rl, R2; Rl = R2 = f 
e f shl Rl, 1; R =e=b+f=f+f=2* f 
(Since b is same as f) 
d E add Rl, 5 ; Rl = d = RI + 5 =e + 5 
df f add Rl, R2 ; Rl = RI + R =d+ f 
Return R1 


Frequency = 3 MHz. So, time per T-state = 1/3 MHz = 3.33 x 10” sec. Number of 
T-states = 13. 

Total time = 13 x 3.33 x 10°’ = 4333 ns. 

Find below the timing of the pipelined execution for the given program. 

As the first instruction is MUL, it spends 3 clock cycles in the PO stage. 

When it is time for 7, instruction to enter into the PO stage, it is stalled for two clock 
periods as the MUL instruction uses that stage. So the PO starts at the 7* clock cycle 
and remains in that stage till the 12" clock cycle for the DIV instruction. 

The instruction J, is made to stall from 6" clock cycle to 12" clock cycle as the stage is 
occupied by J, (DIV). It is to be noted here that /, needs an operand R; which will be 
available only after WO of the previous instruction has completed. But, as the problem 
statement mentions that operand forwarding is used in the pipeline, 7, can enter into the 
PO cycle while J, is in WO stage (refer 13" clock period in the figure). In fact, this feature 
helps saving one clock cycle in the execution of the program. The last instruction J, is 
made to stall for 7 clock periods (from Te to 13") as the stage is in use by the previous 
instructions. 

Thus, the total number of clock cycles needed to execute the given sequence of the in- 
structions is 15. 
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XX = STALL 
As the T inputs of both the FFs are tied to 1, it is expected that their outputs toggle every 
time the clock is fed. Especially, Oy should toggle for every clock input. This trend is 
observed only in the option (A). As the clock for second stage is fed from the output of 
the previous stage, Q; is expected to toggle once for every two clock pulses. 
The input from upper portion of the circuit to the final NOR gate is, ((P + QY + (Q + 
RYY 
This evaluates to (P + Q).(Q + R) = PO + PR + QQ + QR 
=PQ+PR+QO+OR 
=QO(P+1+R)+PR 
=Q+PR 
Similarly, the second term can be simplified to R + PQ, 
f, the final output of the last NOR will be, [(Q + PR) + (R + PO)| 
=[(O(1+P)+R1+P)/ 
i = (Q + RY 
P®Q=PQ+P 
The output function f can be written as a function of P, O, and R as follows: 
P R+ POR +P R+ POR which can be reduced to R(P + PQO) + R(PO+P ) 
Denoting PO + P by Z, the above expression can be written as RZ + RZ, 
which is P®O@®R 
Multiplying a given number by 8 is equivalent to shifting left the number by 3 bits. 
The binary representation of P is 1111 1000 0111 1011. 
1“ shift left yields 1111 0000 1111 0110 
2"4 shift left yields 1110 0001 1110 1100 
3" shift left yields 1100 0011 1101 1000 which is equivalent to (C3D8),¢ 
Even with a single processor, parallelism can be achieved by overlapping instruction 
fetch, decode, address calculation, operand fetch and execution of differ- 
ent instructions simultaneously. 
The excitation equation for the three flip-flops are as follows: 
P = R.clk 
Q = (R.P)'.clk 
R = R'.Q.clk 
Thus, PQR switches to 011 from the previous state of 010. 
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The excitation equation for the three flip-flops are as follows: 
P = R.clk 

Q = (R.P)'.clk 

R = R'.Q.clk 


With PQR starting from 000, one can observe the following states - 000, 010, 011, 100, 
000, ... 

Thus, the total number of distinct states equals 4. 

m*a = (a*b)*a=(a’ +b) *a = (a’t+b)’+a = ab’+a = a(b’+1) = a 

Eight 3-to-8 line decoders are required to form 64 output lines. One more 3-to-8 line 
decoder is required to enable one of these decoders. The enable inputs of these 8 decoders 
are driven by the outputs of the last decoder. Thus, totally 9 such decoders are required. 
Let us use Karnaugh maps to reduce. The given Boolean function can be represented as 
shown in the figure. 


WX 
oo 01 11 10 
00 1 1 
a7 F 
yz 
11 
10 1 1 
Fig. 2.26 


Grouping the rectangles with similar shading, we get the Boolean expression x’z + xz’. 
This is independent of the two variables w and y. 

The lower order 6 bits are required to select 1 word out of 64 words. The next 7 bits are 
required to select 1 out of 128 lines of cache. The remaining 7 bits are required for the 
TAG. 

The total number of sectors is 16 x 128 x 256. This is 2* x 2’ x 2° = 2”. So 19 bits are 
necessary to specify a particular sector in the disk. The capacity of the disk pack is 16 
x 128 x 256 x 512 bytes. This is 2* x 27 x 28 x 2° = 2” bytes. 

1 Mbyte = gee bytes. So, os bytes is 256 Mbyte. 

Let us use Karnaugh maps to reduce. The given Boolean function can be represented as 
shown in the figure. 


oj 1 2 3 

01 4 5 6 
yz 

11 7 8 

10 


Fig. 2.27 
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For reducing, these cells can be combined in different ways. 
Combining the squares | and 3; 2 and 4; 4, 5, 7, and 8; 3 and 6 gives, option (P). 
Combining the squares | and 2; 4, 5, 7, and 8; 3 and 6 gives, option (Q). 
Combining the squares 1 and 2; 4 and 5; 7 and 8; 3 and 6 gives, option (R). 

240. Let us form the truth table for statement P. 


From the first and the last columns, it is clear that Statement P is valid. 
Let us form the truth table for Statement Q. 


X Y Z = X*Y 
0 0 1 
0 1 0 

0 

1 


From the second and the last columns, it is clear that Statement Q is valid. 


aia 
0 
1 
0 
1 


Let us form the truth table for Statement R. Remember that nothing is mentioned about 
the associativity of the connective *. 


X Y Z = X*Y X*Y ay *Z Y*Z X*(Y*Z) 
0 0 1 1 0 1 
0 1 0 0 1 0 1 
1 0 0 0 1 1 1 
1 1 1 1 1 1 1 


From this table, it is clear that irrespective of how this connective * associates, Statement 
R is valid. 

241. n—I/ variables will be connected to the selection lines of the given multiplexer. The re- 
maining one variable will be connected directly or through inverter to the input lines of 
this multiplexer according to the Boolean function. Thus, the given multiplexer will have 
2”! input lines. 

242. As five carry outputs are generated, four OR gates are required. According to the equation 
for C; in terms of G; and P, the four carry outputs, C} through C, require 1, 2, 3 and 
4 AND gates totaling 10 gates. This is evident from the following equations. 

Cy = Gy + PoCo 
Cy = G, + Pi Gy + P PoCo, ete. 
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243. 


244. 


245. 


246. 


247. 


248. 


249. 


250. 


251. 


252. 
253. 


MCQs in Computer Science 


As the load input is always 0, the inputs are not loaded. Moreover, when the count reaches 
5, the outputs 43 and A1 are both high, which clears the count from thereafter. Thus, the 
counting repeats from 0 after 5. 

As the MUL instruction spends 3 cycles in execution stage, the SUB instruction stalls 
for two cycles. Thus the total clock cycles taken to complete becomes 8. 

It is possible that there exists no combination of Boolean values that makes the formula 
true. 


tisatb+ct+d-e. 

Consider the following instructions. 
MOV a, R; 

+ b, Ra 

+ c, R; 

+ d, R, 

MOV e, Rj 

- Rir R; 

MOV Rj, m 


Thus, three MOV instructions are required. 

Each of the two MOV instructions within the LOOP requires 10 memory references. In 
addition, the first MOV instruction requires one memory reference. Thus, the total number 
of required memory references equals 2 x 10 + 1 = 21. 

As the LOOP iterates only 10 times, it causes changes in memory in the range 2000 to 
2009. Thus, the initial value of 2010 remains unchanged. 

The word size of 32 bits implies that every instruction requires 4 bytes. As the program 
is loaded from location 1000, the DEC R1 instruction which follows the INC R3 will be 
at 1024. The interrupt causes the current Program Counter value, which is 1024, to be 
pushed on to the stack. 

Array size is 2500 bytes. During first access there will be totally 32 misses, which would 
replace 32 x 64 = 2048 bytes in the cache. While accessing the remaining bytes, 8 more 
lines will be replaced. During the second access, only the first 8 lines will be different 
and hence totally 56 misses would occur. 

It is only the first 8 lines that will be replaced due to cache miss. The remaining memory 
access will be done at the cache itself. 


Note that +0 and —0 are distinct but equal. 

Set the two don’t care conditions on the first column to 0. Set the don’t care condition 
on the last column to 1. 

Grouping the four 1s in Rowl/Columnl, Rowl/Column2, Row4/Columnl, and 
Row4/Column2, we get, a'd’. 

Grouping the four 1s in Rowl/Column1l, Row1/Column4, Row4/Column1, and Row4/ 
Column4, we get, b’d’. 
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254, 121, expands to 1 + 2r + 7’, which is (1 + 7} 


11, expands to 1 +r 


255. fi is 0100, 0101, 0110, 0111, 1000 


256. 


257. 


258. 


259. 


260. 


f is 0001, 0110, 1111 
fis 0001, 0110, 1000, 1111 
Given that f=fi. hth 
J, must have 1000 set to 1. So, the option (A) cannot be correct. 
If f, has 0100 set to 1 then f will have 0100 set to 1. This is not the case. So options (B) 
and (D) cannot be correct. 
(P+ O)(P.O +P.R)(PR + O)=(PQ + PR+ PO + POR) (PR +0) 
=(PO +PR+ POR)(PR + Q) 
=(PO(1 +R) + PR) (PR + Q) 
= (PO + PR) (PR + Q) 
=PP OR + PQ +PPRR + PRO 
= PỌ + PRO 
= PO(1 +R) 
= PO 
(1217); can be written in binary form as 001 010 001 111. 
Grouping every four bits from right yields the binary number: 0010 1000 1111 which is 
equivalent to (28F);6 
Using Karnaugh map, (AB + C) can be expressed as a product of sums as, (A + C). (B + C) 
(A + C). (B+ C)=[(A+ CY + (B+ CYT (Using De Morgan’s Theorem) 
This can be implemented by using three 2-input NOR gates as follows. 


A 


Cc 
>) +C)’'+(B+C)T’ 


Fig. 2.28 


Eight RAM chips are required to form a 32 K-bytes of RAM. 
For 256 K-bytes, we need 256/32 = 8 such 32 K-bytes of RAM. 


Option (A) is not correct as processors don’t respond immediately after an interrupt is 
raised. 


Option (B) is not correct as the current instruction need to be executed after fetching before 
entering into ISR. 


Option (D) is not correct as processors don’t check the interrupt at regular time intervals. 
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261. Here is the truth table that tells the truth. 


P O POQ PO-Q 
T T T T 
T F T T 
F T F T 
F F T F 


Since “P V Q” column is same as the “P O ~Q” column, we have found the answer. 


262. Timing is illustrated as follows: 


I1 
I2 
13 


1]/2])/3)4/5/6]7 13} 14] 15) 16/17} 18} 19]20)21)22)23 
S1|S1 | S2 |S3 | S4 
fs! ATTE 


14 
Il 
12 


B 
14 


263. The following table illustrates the writing of cache according to the request sequence 


given in the question. As can be seen from this table, the blocks 3, 8 and 129 remain in 
the cache, whereas the block number 216 gets replaced with block 92 as it is the least 
recently used block in the cache. 


Set 0 


255, 155 


159 
63 


264. 


265. 


266. 


267. 


268. 


269. 
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63 sectors/track implies 63 sectors/surface. 
Thus, for every cylinder there are 63 (sectors) x 20 (surfaces) = 1260 sectors. 
Accordingly, the tuple <400,16,29> refers to, 400 x 1260 + 16 x 63 + 29 = 505037. 


Every cylinder has 1260 sectors. So, 1039" sector will be in cylinder 0. The surface 
number will be the quotient when you divide 1039 by 63. The sector number will be the 
remainder when you divide 1039 by 63. 

The given expression can be expanded as, POR + POR + POR + POR+ POR+PO 
R 

Since POR + POR + POR = POR, you drop two of those three PO R. 

We are left with POR + POR + POR +PQR which is, mę + m; + m, + m, 

A IM x 1-bit DRAM has 2” cells inside it. 

We need 8 such DRAMs to have 1MB memory. 


For 4 megabytes of memory, the total number of required cells will be 4 * 1M x 1-bit *8. 
If 100 nanoseconds is required to refresh a cell, we need 3200*2” nanoseconds. 


Time for transferring from L2 is 20 ns. Time needed to write into L1 is 2 ns. The total 
time taken is 22 ns. 


The total time taken is 200 + 20 + 2 = 222 ns. 


*1. The minimum number of temporary variables needed to swap the contents of two vari- 
ables is 
(a) 1 (b) 2 (c) 3 (d) 0 
2. The purpose of the following program fragment 
b= s + b; 
s = Ð = s; 
b = b - s; 
where s, b are two integers is to 
(a) transfer the contents of s to b 
(b) transfer the contents of b to s 
(c) exchange (swap) the contents of s and b 
(d) negate the contents of s and b 
3. Consider the function 
find (int x, int y) 
{return(( x < y) ? 0 : ( x - yj} 
Let a, b be two non-negative integers. The call find (a, find(a, b)) can be used 
to find the 
(a) maximum of a, b (b) positive difference of a, b 
(c) sumofa, b (d) minimum of a, b 
4. Let a,b be two non-negative integers. Which of the following calls finds the positive 
difference of a and b? 
(a) find(a,b) + find(b,a) (b) find(a,find(a,b) ) 
(c) a + find(a,b) (d) b + find(a,b) 
5. If an integer needs two bytes of storage then maximum value of an unsigned integer is 
(a) 2° oy (b) 25-1 (c) 2'6 (d) 2" 
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. If an integer needs two bytes of storage then maximum value of a signed integer is 


(a) 216-1 (b) 25-1 (c) 2'° (da) 2! 
. printf(“ Sd”, printf(“tim”)); 
(a) results in a syntax error (b) outputs tim3 
(c) outputs garbage (d) prints tim and terminates abruptly 


. If abc is the input then the following program fragment results in 

char xX, Yy, 2Z; 

printf (“%d”, scanf(“Sc%Sc%3c”, &x, &y, &z)); results in 
(a) a syntax error (b) a fatal error 
(c) segmentation violation (d) printing of 3 


. Consider the statements: 


putchar(getchar()); 


putchar(getchar()); 


is the input, the output will be 

(a) an error message (b) this can’t be the input 

(c) ab (d) a b 

. Let a,b be two positive integers. Which of the following options correctly relates / 
and %? 


(a) b = (a/b)*b + a%b (b) a = (a/b)*b + aSb 
(c) b = (a%b)*b + a/b (d) a = (a%b)*b + a/b 


. Consider the following program fragment: 
char c = ‘a’; 
while (c++ <= ‘z’) 
putchar (xxx); 
If the required output is abcdefghijklimnopqrstuvwxyz then xxx should be 
(a) c (b) c++ (c) c-1 (d) —c 
. If y is of integer type then the expressions 
3s Ayer 28)" of Ova: a = 6B Yh of 3 
(a) must yield the same value (b) must yield different values 
(c) may or may not yield the same value (d) none of the above 
. If y is of integer type then the expressions 
3 * (y = 8) / 9 and (y - 8) / 9 * 3 
yield the same value if 
(a) y is an even number (b) y is an odd number 
(c) y - 8 is an integral multiple of 9 (d) y - 8 is an integral multiple of 3 
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*15. 


*16. 


17. 


*18. 


19. 


*20. 
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The statement 


if(myPtr != NULL) 
*myPtr = NULL ; 
else 
*myPtr = NULL ; 


has the same effect as the statement(s) 

(a) if (myPtr) *myPtr = NULL ; 
else *myPtr = NULL ; 

(b) *myPtr = NULL; 


(c) if (!myPtr) *myPtr = NULL ; 
else *myPtr = NULL ; 
(d) if (myPtr == NULL) *myPtr = NULL ; 
else *myPtr = NULL ; 
The following code fragment 
InG. x, Yu 2p 2y say 
x = (y *= 2) + (z =a = y); 


printf (“3a p X)? 
(a) prints 8 
(b) prints 6 
(c) prints 6 or 8 depending on the compiler implementation 
(d) is syntactically wrong 
If n has the value 3 then the output of the statement printf (“szd %d”, n++, 
++n); 


(a) is 3 5 (b) is 4 5 

(c) is 4 4 (d) is implementation dependent 
x -= y + 1; does the same as 

(a) x = x - y + 1 (b) xX = -x - y - 1 
(c) x = -x + ytil (d)x = x - y- 1 
The expression5 - 2 - 3 * 5 — 2 will evaluate to 18, if 

(a) — is left associative and * has precedence over — 

(b) — is right associative and * has precedence over — 

(c) — 1s right associative and — has precedence over * 

(d) — is left associative and — has precedence over * 

printf (“%c”, 100); 

(a) prints 100 (b) prints the ASCII equivalent of 100 
(c) prints garbage (d) none of the above 


The program fragment 
int i = 263; 
putchar (i); 


*21. 


22. 


*23. 


*24. 


*25. 


*26. 
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(a) prints 263 (b) prints the ASCII equivalent of 263 
(c) rings the bell (d) prints garbage 
The following statement 

printf (“%f”, 9/5); 


prints 
(a) 1.8 (b) 1.0 
(c) 2.0 (d) none of the above 


The statement 
printf (“%£", (float) 9/5); 
prints 
(a) 1.8 (b) 1.0 
(c) 2.0 (d) none of the above 
The following program fragment 
unsigned i = 1; 
int j = -4; 


n" 


printf (“Su A ot 3 

prints 

(a) garbage 

(b) -3 

(c) an integer that changes from machine to machine 
(d) none of the above 


If the following program fragment (assume negative numbers are stored in 2’s comple- 
ment form) 


unsigned i = 1; 
int j = -4 ; 
printf(“Su”, i + 3); 
prints x then printf(“%d”, 8 * sizeof (int)); 
outputs an integer that is same as (log in the answers are to the base two) 


(a) an unpredictable value (b) 8 * log (x+3) 
(c) log (x+3) (d) none of the above 
The following program fragment 
fOr (3:0 = 3p- < T57 i t= 3); 
printf (“zdp 1); 
results in 
(a) a syntax error (b) an execution error 
(c) printing of 12 (d) printing of 15 
The following program fragment 
for (i = 1; i < 5; ++i) 
if (i == 3) continue; 


” 


else printf(“%d ”, i); 


112 


27. 


28. 


*29. 


30. 


31. 


32. 


MCQs in Computer Science 


results in the printing of 

(a)1 245 

(c) 2 4 5 

The following program fragment 
if (a = 0) 
printf (“a is zero”); 


else 


printf (“a is not zero”); 
results in the printing of 
(a) a is 
(c) nothing 
The following program fragment 

if(a = 7) 

printf (“a is seven”); 


Zzero 


else 


printf (“a is not seven”); 


results in the printing of 

(a) a is seven 

(c) nothing 

The following program fragment 
int k = -7; 
printf (“%Sd”, 

(a) prints 0 

(c) is illegal 

The following loop 
for (putchar(‘c’); 
putchar(‘t’); 


O < !k); 


outputs 

(a) a syntax error 

(c) catrat 

The following loop 
forti = 2, 4) = DOyY a2 < 
printf Asd sd "as. OS 

prints 

(a) 11029384756 

(c) 1111199999 

The following program fragment 
int a = 4, b = 6; 
printf (“%d”, a == b); 


putchar(‘a’); 


GF) HPL, 


(b) 1 2 4 
(d) none of the above 


(b) a is not zero 
(d) garbage 


(b) a is not seven 
(d) garbage 


(b) prints a non-zero value 
(d) prints an unpredictable value 


putchar(‘r’)) 


(b) cartrt 
(d) catratratratrat... 


ae) 


(b) 12345109876 
(d) none of the above 


33. 


34. 


35. 


36. 
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(a) outputs an error message 

(c) prints 1 

The following program fragment 
int a = 4; b = 6; 
printf (“%da”, a != b); 

(a) outputs an error message 

(c) prints 1 

The following program fragment 
int a = 4, b = 6; 
printf (“%da”, a = b); 

(a) outputs an error message 

(c) prints 1 
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(b) prints 0 
(d) none of the above 


(b) prints 0 
(d) none of the above 


(b) prints 0 
(d) none of the above 


A possible output of the following program fragment 


for(i = getchar();; i = 
Me) 

else putchar(i); 
is 


if(i == break; 


(a) mi 
(c) mixx 
The following program 


main () 
{ 
ine a =) 53 
if (i == 5) return; 


else printf(‘“i is not 
printf (“over”); 
} 
results in 
(a) a syntax error 
(b) an execution error 
(c) printing of over 


getchar () ) 


(b) mix 
(d) none of the above 


five”); 


(d) execution termination, without printing anything 


The following program fragment 
int i = 5; 
do {putchar(i + 100); 
while(i); 

results in the printing of 

(a) i5h4g3f2el 

(c) an error message 


printf (“%d”, 


Le) pf 


(b) i4h3g2fle0 
(d) none of the above 
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The following program fragment 
int i = 107, x = 5; 
printeé( (xs > 7)? Sd n “Se",. Ey 


results in 

(a) an execution error (b) a syntax error 

(c) printing of k (d) none of the above 
Replacing > by < in the previous question results in 

(a) printing of 107 (b) a syntax error 

(c) printing of k (d) none of the above 


The following loop 

while (printf (“%d”, printf(‘*az”))) 

printf (“by”); 
(a) prints azbybybyby... (b) prints azbyazbyazbyazby... 
(c) results in a syntax error (d) none of the above 
The following statements 

for(i = 3; i < 15; i += 3) 

{ printf(“$d “, i); 

++i; 
} 


will result in the printing of 


(a) 36912 (b) 369 12 15 (c) 3711 (d) 371115 
Ifa=9, b= 5 and c = 3, then the expression (a - a/b * b%c) > a%b%c evalu- 
ates to 

(a) true (b) false (c) invalid (d) 0 


Consider the following program fragment 
if (a > b) 
if (b > c) 
sl; 
else s2; 
s2 will be executed if 
(a) a<=b (b) b>c 
(c) b <= c and a <= b (d) a> b andb <= c 
The following program fragment 
LE? (2 <) 


Lá 


else 
x = (2 < 0)? printf(‘one”) : printf(“four”); 
printf (“%3d”, x); 

(a) prints nothing (b) results in a syntax error 


(c) prints fouro (d) none of the above 


*45, 


46. 


*47. 
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Consider the following program fragment 
if (a > b) 
printi ("a Sb”) 4 
else 
printf (“else part”); 
printf (“a <= b”); 
a <= b will be printed if 


(a) a>b (b) a<b 
(c) a== (d) none of the above 
Consider the following flow chart. 


Fig. 3.1 


Which of the following correctly implements the above flow chart? 


(a) if (a > b) (b) if (a <= b) 
TE: (b> eC) aise (ys ae) 
a = 1; a = 1; 
else if (c > d) else if (c <= d) 
b= 2; b = 2; 
(c) if (a > b) (d) if (a > b) 
else if (b > c) else if (b > €) 
a = 1; a = 1; 
else if (c <= d) else if (c > d) 
b = 2; ; 
else b = 2; 
The body of the following for loop 


for (putchar (`a); putchar (0); putchar (`c')) 
putchar(‘b’); 
will be executed 
(a) 0 times 
(b) 1 time 
(c) infinitely many times 
(d) will not be executed because of syntax error 
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The following statement 
if (a > b) 
if (c > b) 
printf (“one”); 


if (c == a) printf (“two”); 
else printf (“three”); 


else printf (“four”); 


(a) results in a syntax error (b) prints four ifc <= b 
(c) prints two if c <= b (d) prints four ifa <= b 
The statement in the previous question can never print 
(a) one (b) two (c) three (d) four 
The following program fragment 
int x = 4, y = x, i; 
for (i = 1; i < 4; ++i) 
x += xX 
outputs an integer that is same as 
(a) 8 * y (b) y * (1 + 2 + 3 + 4) 
(c) y * 4 (d) y * y 


51. 


52. 


53. 


Consider the declaration 
static char hello[]=”hello”; 


The output of printf (“%s\n”, hello); 


will be the same as that of 
(a) puts (“hello”); (b) puts (hello); 
(c) printf (“%s\n”, “hello”); (d) puts (“hello\n”); 
The following program fragment 
Int SLST ty Jy 


for(i = 0; i < 5; ++i) 
forg = 0> <b pe e+) 
x[i][j] = x[j][i]; 
(a) transposes the given matrix x (b) makes the given matrix x, symmetric 
(c) doesn’t alter the matrix x (d) none of the above 


Consider the following type definition. 

typedef char x[10]; 

x myArray[5]; 

What will sizeof(myArray) be? (Assume one character occupies 1 byte) 
(a) 15 bytes (b) 10 bytes (c) 50 bytes (d) 30 bytes 


*54. The following program 
main( ) 


{ 


static int af[] 
printf (“%d”, 


} 


(a) results in bus error 


(c) will not compile successfully 


55. The following program fragment 


b 
char wer[80]; 


LAE- my: “ny 
sprintf (wer, 
puts (wer); 

(a) prints the string 8 


(c) prints the string 888 


*56. The following program 
main () 


{ 


static char a[3] [4] 


putchar (**a); 


} 


(a) will not compile successfully 


(c) prints garbage 


(d) 


= { 


(b) 
(d) 
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= {7,8,9}; 
2[a] + al2]); 
(b) results in segmentation violation error 
(d) none of the above 
m= n= 8; 
“Sdsdsd", m, Ny b).; 
8 8 (b) prints the null string 


none of the above 


“abcd”, “mnop”; “Egan” } 3 


results in run-time error 
none of the above 


Answer the next three questions based on the program fragment given below. 


tage ma 


LE 


C 


static char wer[] 


SNG SUI 


SSE wos, 


FOR HARD — 


57. printf (“%10.5s”, 
outputs 

(a) NO SU 

(b) NO SUBSTIT 

(c) NO SU 

(d) UTE F 

printf (“%S-10.5s”, 


58. 
outputs 
(a) NO 
(b) NO 
(c) NO 
(d) UTE 


BSTIT 


wer); 


wer); 
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59. printf (“%-10.*s”, hh, wer); 


outputs 
(a) NO SU (b) NO SUBSTITUTE FO 
(c) NO SU (d) error message 
60. If n has the value 3, then the statement a[++n] = n++; 
(a) assigns 3 to a[5] (b) assigns 4 to a[5] 
(c) assigns 4 to a[4] (d) assigns acompiler-dependent value to a [5] 
*61. The default parameter passing mechanism is 
(a) call by value (b) call by reference 
(c) call by value result (d) none of the above 


*62. The following program 
main() 
{printf (“tim”); 
main();} 
(a) is illegal (b) keeps on printing tim 
(c) prints tim once (d) none of the above 
*63. Consider the following program. 
main () 
{ putchar(‘M’); 
first (); 
putchar(‘m’); } 
first () 
{ } 
second () 
t putchar(‘d’); } 
If Madam is the required output then the body of first () must be 
(a) empty 
(b) second(); putchar(‘a’); 
(c) putchar(‘a’); second(); printf(“%c”, ‘a’); 
(d) none of the above. 


64. max is a function that returns the larger of the two integers, given as arguments. Which 
of the following statements finds the largest of three given numbers? 


(a) max (max (a, b), max(a, c)) 
(b) max (a, max(a, c)) 
(c) max (max (a, b), max(b, c)) 
(d) max (b, max(a, c)) 

*65. The following program 


main () 

{ int a = 4; 
change (a); 
printf (Ssd; a); 
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change (a) 


int a; 

{ printf(“%d”, ++a);} 

outputs 

(a) 55 (b) 45 (c) 54 (d) 44 

*66. The following program 

main() 

{ 

int i = 2; 


{ int i = 4, j = 5; 
printf (“Sd%d”, i, 4); 
} 
printf (“%d%d”, i, j); 
} 
(a) will not compile successfully (b) prints 4525 
(c) prints 2525 (d) none of the above 
*67. The following program 
main () 
{ 
inc(); inc(); inc(); 
} 
inc () 
{ 
static int x; 
printi (Syd y ++4x) 3 
} 
(a) prints 012 
(b) prints 123 
(c) prints 3 consecutive, but unpredictable numbers 
(d) prints 111 
68. printf (“ab”, “cd”, “ef”); 


prints 
(a) ab (b) abcdef 
(c) abcdef, followed by garbage (d) none of the above 
69. The expression 4 + 6 / 3 * 2 - 2 + 7 % 3 evaluates to 
(a) 3 (b) 4 (c) 6 (d) 7 


70. Consider the following program segment. 
i = 6720; j = 4; 
while ((i%j)==0) 
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{ 


PS fae 
j = j + 1; 
} 


On termination j will have the value 


(a) 4 (b) 8 (c) 9 (d) 6720 
71. The output of the following program is 
main () 
{. “stake ets XEL eS {L 2 Sy A By COG: Wy. BF 
Tits <1." 
for(i = 2; i < 6; ++i) 
x[x[i]] = xl; 
for (i = + i< Be FFL) 
printf ("sd “, x[il); 
} 
(a) 12.3) 30> S «8 (b) 1 8 
(c) 8 76543 2 1 (d) 1 8 
*72, main () 
{ int a = 5, b = 2; 
printf(“%d”, at+ttb); 
} 
(a) results in syntax error (b) prints 7 
(c) prints 8 (d) none of the above 


*73. The program fragment 
int a = 5, b = 2; 
printf (“%d”, a+++++b); 
(a) prints 7 (b) prints 8 
(c) prints 9 (d) none of the above 
*74. Consider the following program: 
main() 
{ int x = 2, y = 5; 
if (x < y) return (x = x + y); 
else printf (“z1”); 
PLINtEE (AY Z2)4 
} 
Choose the correct statements: 
(a) The output is z2 (b) The output is z1z2 
(c) This will result in compilation error (d) None of the above 
*75. puts (argv[0]); 
(a) prints the name of the source code file 
(b) prints argv 


76. 


*77. 


*78. 
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(c) prints the number of command line arguments 
(d) prints the name of the executable code file 
A possible output of the following program fragment 
static char wer[][5] = {“harmot”, “merli”, “axari”}; 
printf ({“%d Sd Sd”, wer, wer[0], &wer[0][0]); 
is 
(a) 262164 262164 262164 (b) 262164 262165 262166 
(c) 262164 262165 262165 (d) 262164 262164 262165 
The following program 
main () 
{printf (nsu; main); } 
results in 
(a) printing of a garbage number 
(b) an execution error 
(c) printing of starting address of the function main 
(d) an infinite loop 
The following program 
main () 
{ int abc(); 
abc(); 
(*abc) (); 
} 
int abc() 
{ printf(“come”); } 
(a) results in a compilation error (b) prints come come 
(c) results in a run time error (d) prints come come 


The next five questions are based on the following program fragment. 


Seaicle Chee wees) [4] = ioecg’, Niece’, “lowcl”)) 2 
char (*ptr) [4] = wer; 
*79, The possible output of printf (“sd %d”, ptr, ptr+1); is 
(a) 262 262 (b) 262 266 (c) 262 263 (d) 262 265 
80. The possible output of printf (“td %d”, wer[1], wer[1]+1); is 
(a) 162 163 (b) 162 162 (c) 162 166 (d) 162 165 
81. The possible output of printf (“td %d”, wer, wer+l); is 
(a) 262 262 (b) 262 266 (c) 262 263 (d) 262 265 
82. putchar (*(wer[1]+1)); 


(a) prints e (b) prints a (c) prints 1 (d) prints b 
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83. In which of the following cases will the character ‘t’ be printed? 
(a) putchar (* (* (ptr+1) + 2)); 
(b) putchar (* (wer[1] + 2)); 
(c) putchar (* (ptr+1) + 2); 
(d) none of the above 
84. A set of names can be represented as a 


(a) two-dimensional array of characters 
(b) one-dimensional array of strings 
(c) one-dimensional array of pointers to character 
(d) none of these 
*85. Consider the following declaration. 
int a, *b = &a, **c = &b; 
The following program fragment 


a = 4; 
kk cCc = 5 ; 
(a) does not change the value of a (b) assigns address of c to a 
(c) assigns the value of b to a (d) assigns 5 to a 
*86. If the statement 
b = (int *)**¢e; 
is appended to the above program fragment then 
(a) value of b is unaffected (b) value of b will be the address of c 
(c) value of b becomes 5 (d) none of these 


87. Consider the two declarations 
void *voidPtr ; 
char *charPtr ; 
Which of the following assignments are syntactically correct? 


(a) voidPtr = charPtr (b) charPtr = voidPtr 
(c) *voidPtr = *charPtr (d) *charPtr = voidPtr 
88. Consider the following program fragment. 
int v = 3, *pv = &v; 


printf (“%d %d”, v, *pv); 
The output will be 


(a) an error message (b) 3 address of v 
(c) 3 3 (d) none of the above 
89. If the two statements 
*pv = 0; 


printf (“Sd %d”, *pv, v); 
are appended to the previous program fragment then the output will be 
(a) 0 3 (b) 0 0 
(c) unpredictable (d) none of the above 


90. 


91. 


92. 


93. 


94. 


95. 


96. 


97. 
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Consider the following program. 
main () 
{ 
char x[lO], *ptr = x; 
scanf(“%s”, x); 
change (&x[4]); 
} 
change (char a[]) 
{puts (a);} 
If abcde fg is the input, the output will be 
(a) abcd (b) abc (c) efg (d) garbage 
For the previous question the function calls 
change (x); and change (ptr); 


(a) serves the same purpose (b) the second call is illegal 
(c) both the calls are illegal (d) none of the above 
If x is an array of integer, then the value of &x [i] is same as that of 
(a) &x[i-1] + sizeof(int) (b) x + sizeof (int) *i 
(c) x + i (d) ++(&x[i]) 
Pick the correct answers. 
If x is an one-dimensional array then 
(a) &x[i] issameasx + i - 1 (b) *(x + i) is same as * (&x[i]) 
(c) *(x + i) is same as x[i] (d) *(x + i) issameas*x + i 
Let x be an array. Which of the following cannot be present in the left-hand side of an 
assignment statement? 
(a) x (b) x + i (c) *(x + i) (d) &x[i] 
Let x be an array. Which of the following operations are illegal? 
(a) ++x (b) x + 1 (c) x++ (d) x * 2 
Consider the declaration 
char x[] = “WHATIZIT”’; 


char *y = “WHATIZIT”; 
Pick the correct answers. 


(a) The output of puts(x) and puts (y) will be the same. 
(b) The output of puts (x) and puts (y) will be different. 


(c) The output of puts (y) is implementation dependent. 

(d) None of the above comments is true. 

If func is a function needing three arguments al, a2, a3 then func can be invoked 
by 

(a) func(al, a2, a3); (b) (*func)(al, a2, a3); 

(c) *func(al, a2, a3); (d) all of the above 
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*98. Consider the declarations 
char first(int (*) (char, float)); 
int second(char, float); 
Which of the following function invocation is valid? 
(a) first (*second) ; (b) first (&second) ; 
(c) first (Second) ; (d) none of the above 
99. The declaration 
int (*p) [5]; 
means 
(a) p is a one dimensional array of size 5, of pointers to integers 
(b) p is a pointer to a 5 element integer array 
(c) the same as int *p[5]; 
(d) none of the above 


100. A function q that accepts a pointer to a character as argument and returns a pointer to 
an array of interger, can be declared as 


(a) int (*qą(char*))[] (b) int *q(char *) [] 
(c) int (*q) (char *) [] (d) none of the above 
*101. Consider the declaration 
int a = 5, *b = &a; 


The statement 
printf (“%d”, a * b); 


prints 
(a) 25 (b) garbage 
(c) 5 x address of b (d) an error message 
*102. In the previous question, printf (“%d”, a**b); prints 
(a) 25 (b) garbage 
(c) 0 (d) an error message 
103. The following program 
main () 
{ 
float a = .5, b = .7; 


if (b < .7) 
TE (ae < 4-5) 
printf (“TELO”); 
else 
printf (“LTTE”); 


else 
printf (“JKLF”) ; 


outputs 


104. 


105. 


106. 


107. 
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(a) LTTE (b) TELO (c) JKLF (d) PLO 
What is the output of the following program segment? 


void max(int x, int y, int m) 
{ if(x > 5) m= x; 
else m = y;} 
int main() 
{ int i = 20, 3 = 5, k = 0; 
max(i, j, k); printf(“Sd”, k); } 
(a) 5 (b) 20 
(c) 0 (d) None of the above 
Consider the program 
main( ) 
{ 
int y = 1 ; 
printf(“%d”, (*(char *)&x)) 3 
} 


If the machine in which this program is executed is little-endian (meaning, the lower 
significant digits occupy lower addresses), then the output will be 


(a) 0 (b) 99999999 (c) 1 (d) unpredictable 
a — b is syntactically correct if 

(a) a and b are structures 

(b) a is a structure and b is a pointer to a structure 

(c) ais a pointer to a structure and b is a structure 

(d) a is a pointer to a structure in which b is a field 

The program 


main () 
{ 
int i = 5; 
i = (++i) / (i++); 


printf (“%da”, i); 
} 


prints 


(a) 2 (b) 5 (c) 1 (d) 6 


Answer the next four questions, based on the following declaration. 


sceruct aclclic 

{ 
Ghar City [LO] ¢ 
char street[20]; 
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int pincode; 


Sic Wwe 


char name[20]; 


int sex; 
Siwuce acei ilocace y 
Perimina l <Ieel = ‘seseainaline ls 


109. 


110. 


111. 


112. 


113. 


*114, 


. sex can be accessed by 


(a) criminal.sex (b) kd ~ sex 


(c) (*kd) .sex (d) either (a) or (c), but not (b) 


pincode can be accessed by 
(a) criminal.locate.pincode (b) criminal.pincode 


(c) kd ~ locate.pincode (d) kd. locate ~ pincode 
The third character in the criminal name can be accessed by 
(a) criminal.name[2] (b) kd — name[2] 
(c) ((*kd) .name) [2] (d) either (b) or (c), but not (a) 
*(kd — name + 2) can be used instead of 
(a) *(criminal.name + 2) (b) kd (name + 2) 
(c) *((*kd).name + 2) (d) either (a) or (b), but not (c) 
The output of the following program 

main () 

{ int a = 1, b= 2, c = 3; 

printf (“%da”, a += (a += 3, 5, a)); 

} 
will be 
(a) 8 (b) 12 (c) 9 (d) 6 


Consider the following program segment. 
char *a, *b;. -e@bl0]-,. TAELOT? 


a = by 

p SnG} 

6. d; 

d = a; 
Choose the statements having errors. 
(a) No error (b) a = b; andb = c; 
(c) c = d; andd = a; (d) a = b; andd = a; 


The operation of a staircase switch best explains the 
(a) or operation (b) and operation 
(c) exclusive nor operation (d) exclusive or operation 


*115. 


*116. 


117. 


118. 


119. 


*120. 


121. 


122. 


*123. 
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a << 1 is equivalent to 
(a) multiplying a by 2 (b) dividing a by 2 
(c) adding 2 to a (d) none of the above 
In a certain machine, the sum of an integer and its 1’s complement is 2°° — 1. Then 
sizeof (int), in bits, will be 
(a) 16 (b) 32 
(c) unpredictable (d) none of the above 
If the word size is 16 bit then ~Oxc5 will be 
(a) Ox3a (b) Oxff3a 
(c) Ox5c (d) none of the above 
Which of the following operations produce an 1, if the input bits are 1 and 1? 
(a) or (b) and (c) exclusive or (d) exclusive nor 
The number of possible values of m, such that m & Ox3f equals 0x23 is 
(a) 1 (b) 2 (c) 3 (d) 4 
The for loop 
for(i = 0y i < 10; ++i) 
printf(“%d”, i & 1); 
prints 


(a) 0101010101 (b) 0111111111 (c) 0000000000 (d) 1111111111 
calloc(m, n); is equivalent to 

(a) malloc(m*n, 0); 

(b) memset(0, m*n); 

(c) ptr = malloc(m*n); memset(p, 0, m*n); 

(d) ptr = malloc(m*n); strepy(p, 0); 


Consider the program fragment. 
see 
while ((i % j) != 0) 


Be ae ke Le 
if (j < i) printf (“%a”, j); 
Ifi >= 2, then the value of j, will be printed only if 


(a) i is prime (b) j does not divide i 
(c) j is odd (d) i is not prime 
Consider the following statement. 


define hypotenuse (a, b) sqrt(a * a + b * b); 
The macro-call hypotenuse (a + 2, b + 3); 

(a) finds the hypotenuse of a triangle with sides a + 2andb + 3 

(b) finds the square root of (a + 2)? + (b + 3)° 

(c) is invalid 

(d) finds the square root of 3*a + 4*b + 5 
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124. For the previous question, which of the following macro-calls will find the hypotenuse 
of a right-angled triangle with sides a + 1 and b + 1? 


(a) hypotenuse (atl, b+1) (b) hypotenuse (++a, ++b) 
(c) hypotenuse (a++, b++) (d) none of the above 


*125. Ifa variable can take only integral values from 0 to n, where n is a constant integer, 
then the variable can be represented as a bit-field whose width is the integral part of 
(the log in the answers are to the base 2) 


(a) log(n) + 1 (b) log(n - 1) + 1 
(c) log(n + 1) + 1 (d) none of the above 
126. The statement printf (“%d”, 10?70?75:11:12); 
prints 
(a) 10 (b) 0 (c) 12 (d) 11 
127. The statement printf (“%Sd”, (at+)); prints 
(a) the current value of a (b) the current value ofa + 1 
(c) an error message (d) garbage 
128. The statement printf (“%Sd”, ++5); prints 
(a) 5 (b) 6 (c) an error message (d) garbage 
129. The statement printf (“%d”, sizeof(“”)); prints 
(a) an error message (b) 0 
(c) garbage (d) 1 
130. If p is a pointer to an integer and t is a pointer to a character then sizeof (p) will 
be 
(a) same as that of sizeof (t) (b) greater than that of sizeof (t) 
(c) less than that of sizeof (t) (d) none of the above 
*131. Consider the declaration 
char street[10] = "abcdefghi"; 


Choose the correct remark(s). 
(a) &street and street will have different values 
(b) &street is meaningless 


(c) &street+1 and street+1 will have the same values 
(d) None of the above 
*132. Consider the following program fragment. 
a= 103 
for(i = 1; i < 31; ++i) 
for(y = 17 J -< 3I FJ) 
for(k = 1; k < 31; ++k) 
PEC Os te oy Ct ck) e 3) 
d = dtl; 
printf (“%Sd”",d); 


ll 
ll 
(@) 


*133. 


*134. 


*135. 


*136. 
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The output will be 


(a) 9000 (b) 27000 
(c) 3000 (d) none of the above 
The number of additions performed by the above program fragment is 
(a) 27000 (b) 27000 x 3 
(c) 9000 + 3 x 27000 (d) 9930 + 27000 x 3 
Consider the following segment of C-code (GATE 2007) 
nE Jy, ng 
j = 1; 
while (j <= n) 
J = Nee 
The number of comparisons made in the execution of the loop for any n > 0 is: 
(a) [ogan]l+1 b)n (c) [ogn] (d) Llog n]+ 1 
Consider the following C function: (GATE 2007) 
int f(int n) 
{static int r = 0; 


if (n <= 0) return 1; 

TE 6h 33) 
{r = n; 
return f(n-2) +2; 
} 

return f(n-1) +r; 

} 

What is the value of f (5)? 


(a) 5 (b) 7 (c) 9 (d) 18 
Consider the following C program segment where CellNode represents a node in a binary 
tree: (GATE 2007) 
struct CellNodef{ 
struct CellNode *leftChild; 
int element; 
struct CellNode *rightChild; 
}; 
int GetValue (struct CellNode *ptr) { 
int value = 0; 
if (ptr != NULL) { 
if ((ptr7leftChild == NULL) && 
(ptr >rightChild == NULL) ) 
value = 1; 
else 


value = value + GetValue (ptr-leftChild) 
+ GetValue (ptrrightChild); 


} 


return (value); 


} 
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The value returned by GetValue when a pointer to the root of a binary tree is passed 
as its argument is 

(a) the number of nodes in the tree (b) the number of internal nodes in the tree 
(b) the number of leaf nodes in the tree (d) the height of the tree 


*137. Which combination of the integer variables x, y and z makes the variable a get the 


value 4 in the following expression? (GATE 2008) 
a=(x>y)?(x*>z)?x:2z):(y>z)?y:Z) 
(a) x=3,y=4,72=2 (b) x=6,y=5,z=3 
(c) x=6,y=3,z=5 (d) x=5,y=4,z=5 
**138. What is printed by the following C program? (GATE 2008) 
int f(int x, int *py, int **ppz) void main( ) 
{ { 
int y, z; intep Dy 3ta; 
**poz += 1; z = **ppz; G = 4; b = &c; 
a = &b; 
*py +=2; y = *py; printf ("Sd", f(c,b,a)); 
x += 3; } 


return x + y + zZz; 
} 
(a) 18 (b) 19 (c) 21 (d) 22 


**139. Choose the correct option to fill ?1 and ?2 so that the program below prints an input 


string in reverse order. Assume that the input string is terminated by a newline character. 
void reverse(void) { 
Int: CF 
if (2d) reverse( ) ; 
?2 
} 
main ( ) { 
printf ("Enter Text"); printf("\n") ; 


reverse( ); printf("\n"); 


} 
(GATE 2008) 


(a) ?1 is (getchar( ) != '\n') 
?2 is getchar(c); 

(b) ?1 is (c = getchar( ) ) != '\n"') 
?2 is getchar(c); 

(cœ) ?1 is (c != '\n') 
?2 is putchar (c); 

(d) ?1 is ((c = getchar( ) ) != '\n') 
?2 is putchar (c); 
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The next two questions are based on the following program fragment. 


Consider the following C program that attempts to locate an element x in an array Y[ ] 


using binary search. The program is erroneous. 


(GATE 2008) 


1. f(int y[10], int x) { 


2. 


10. 


SOO ONS ee 8 


Ht aL; ga Ky 
Bo =. Og S - 9 


do { 
k = (i +j) / 2; 
if (Y[k] < x) i= k; ls j = k; 
} while ( (Y[k] != x) && (i < j)); 
if (Y[k] == x) printf("x is in the array"); 


else printf("x is not in the array"); 


} 


*140. On which of the following contents of Y and x does the program fail? 

(a) Yis[123456789 10] andx< 10 

(b) Yis[1357911 13 15 17 19] andx <1 

(c) Yis[2222222222]andx>2 

(d) Yis [2468 10 12 14 16 18 20] and 2 < x < 20 and x is even 
*141. The correction needed in the program to make it work properly is 

(a) Change line 6 to: if (Y[k] < x)i =k + 1; elsej=k-—-1; 

(b) Change line 6 to: if (Y[k] < x)i =k- 1l; elsej =k +1; 

(c) Change line 6 to: if (Y[k] < = x) i = k; else j =k; 

(d) Change line 7 to: } while ((Y[k] == x) && (i < j)); 


*142. Consider the program below: 


(GATE 2009) 
# include <stdio.h> 
int fun(int n, int *f p) { 


int “ty “Es 

Leen) <= 1a of 
zf p SL 
return 1; 


} 
t = fun (n-1, f p); 
f 


} 


int main() { 
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int x = 15; 
printf ("Sd\n", fun(5, &x)); 
return 0; 
} 
The value printed is 


(a) 6 (b) 8 (c) 14 (d) 15 
*143. What does the following program print? 
#include <stdio.h> 
void f(int *p, int *q) { 
P = q? 


(GATE 2010) 


int i =0, j=1; 


int main ( ) { 
f(&i, &j); 
printi ("sd sd\n", iy J) 3 
return 0; 


(a) 22 (b) 21 (c) 01 (d) 02 
*144. What is the value printed by the following C program? 
#include <stdio.h> 
int f(int *a, int n) 


{ 


(GATE 2010) 


if (n <= 0) return 0; 
lse if (*a%2 == 0) return *a + £f(atl,n-1); 


(0) 


lse return *a - f(a+1, n-1); 


oO 


int main ( ) 


ante aly 4 o= I2 Te Toy ae 2h 643 
printf ("Sd", f(a,6)); 
0 


return 


} 
(a) -9 (b) 5 (c) 15 (d) 19 
*145. The following C function takes a singly linked list as input argument. It modifies the list 
by moving the last element to the front of the list and returns the modified list. Some 
part of the code is left blank. 


*146. 


*147. 


*148. 


*149, 
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typedef struct node { 
int value; 
struct node *next; 
} Node; 
Node *move_to_front(Node *head) { 
Node *p, *q; 
if ((head == NULL) || (head->next == NULL)) return 
head; 
q = NULL; p = head; 
while p->next!= NULL 
q = p; 
p p->next; 


} 


return head; 


} 


Choose the correct alternative to replace the blank line. 


(a) q = NULL; p->next = head; head = p; 

(b) q->next = NULL; head = p; p->next = head; 

(c) head = p; p->next = q; g->next = NULL; 

(d) q->next = NULL; p->next = head; head = p; 

What does the illii fragment of C program print? (GATE 2011) 
char c[] = “GATE2011”; 
char *p = C; 
printf (“ss”, p + p[3] ~- p[1]); 

(a) GATE2011 (b) E2011 (c) 2011 (d) 011 


Common Data for Questions 147 and 148: 
Consider the following recursive C function that takes two arguments. 
unsigned int foo (unsigned int n, unsigned int r) { 
if (n>0) return ((n%r) + foo(n/r, r)) ; 
else return 0; 
} 
What is the return value of the function foo when it is called as foo (345, 10)? 
(GATE 2011) 
(a) 345 (b) 12 (c) 5 (d) 3 
What is the return value of the function foo when it is called as foo (513, 2)? 
(GATE 2011) 


(a) 9 (b) 8 (c) 5 (d) 2 
What will be the output of the following C program segment? (GATE 2012) 
Char inChar = 'A' 


switch ( inChar ) { 
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case 'A' printf ("choice A\n") 
case 'B' 
case 'C' printf ("choice B") 
case 'D' 
case 'E' 
default printf (" No Choice" 


(a) No Choice 
(b) Choice A 
(c) Choice A 
Choice B No Choice 
(d) Program gives no output as it is erroneous 


r 


) 


; } 


Common Data for Questions 150 and 151: 


Consider the following C code segment. 


int a, b, c = 0; 
void prtFun (void); 
main ( ) 
{ static int a = 1; /* 
prtFun( ); 
a += 1; 
prtFun( ); 
printf(" \n sd SO Gage BIF 
} 
void prtFun (void) 
{ static int a= 2; /* 
rat- by =r Le 
a += ++b; 
printf(" \n Sd Sd ui 


} 


*150. What output will be generated by the given code segment? 


(A) (B) (C) 
3 1 4 2 4 
4 1 6 1 6 
4 2 6 1 2 


*151. What output will be generated by the given code segment if: 
1; 


Line 1 is replaced by auto int a = 
Line 2 is replaced by register int a 

(A) (B) (C) 
3 1 4 2 

4 1 6 1 

4 2 6 1 


2; 


2 
2 
0 


(GATE 2012) 


(D) 
3 1 
5 2 
5 2 


(GATE 2012) 


(D) 
4 2 
4 2 
2 0 
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Fer. | 


1. 


Without any temporary variable, one can swap two given variables. Refer Qn. 2. 


6. In signed magnitude form, one bit is dedicated to store the sign. (e.g., 1 for negative 


and 0, otherwise). Only the remaining 15 bits are available to store the magnitude. Hence 
the answer. 


. Any function (including main()), returns a value to the calling environment. In the 


case of printf, itis the number of characters it printed. So, the output will be tim3 
(since it printed the three characters a, b, Cc). 


8. Refer Qn. 7. 
The scanf function returns the number of successful matches. i.e., 3 in this case. 
9. The input is actually a\nb. Since we are reading only two characters, only a and \n 


12. 


15. 


16. 


*18. 


20. 


21. 
23. 


24. 


will be read and printed. 


Ify = 11, the expression3 * (y - 8) / 9becomes3 * 3 / 9, which evalu- 
ates to 1. But the expression (y - 8) / 9 * 3 becomes3 / 9 * 3, which 
evaluates to 0 (since 3/9 is 0). 

y *= 2meansy = y*2, iey = 4, in this question. So, the expression is equiva- 
lent tox = 4 + 4, which is 8. So, 8 will be printed. However, the order in which 
the operands are evaluated is implementation-dependent. If the right operand is evaluated 
first, the result will be 6. Don’t take things for granted. 


Most of the compilers give 4 4 as the output. This is because most of the compilers use 
stacks to evaluate the arguments. If so, the first argument n++ will be pushed before 
the ++n is pushed. This implies that ++n will be evaluated before n++ is evaluated. 
However, the order of printing will be in accordance with the order the variables are 
listed in the printf statement. 

5 - 2 - 3 * 5 -— 2will yield 18, if itis treated as (5 - (2 = 3)) * 
(5 =- 2).i.e., if— has precedence over * and if it associates from the right. 

263 in binary form is 100000111. If one tries to print an integer as a character, only the 
last 8 bits will be considered—the rest chopped off. So, in this case the ASCII value of 
00000111 (i.e., decimal 7) will be printed. Look in the ASCII table. It is ringing a bell! 
9/5 yields integer 1. Printing 1 as a floating point number prints garbage. 

In the computer I used to execute this program, the output was 4294967293. That’s because 
in my system, 

sizeof (int) is 4 bytes (32 bits), and negative numbers are represented in 2’s comple- 
ment form. This means —4 will be represented as 11111111 11111111 11111111 11111100 
(i.e. 30 one’s followed by 2 zeroes). Note that this number is 2°” — 1 — 3. Before j gets 
added to i, it will be converted to an unsigned integer. So, i+ 4 is essentially adding 1 
to 2° — 1 — 3, which gives 4294967293. 

Let sizeof (int) = 1. So, —4 will be stored as 11111100. Since we are adding 
unsigned and signed integers, the signed gets converted to unsigned. So, 
i + j will become 11111101. We are trying to print this as an unsigned integer. So, 
what is printed will be Be I, at BERG. log(x + 3) = 8(1e., 8*sizeof(int)). 
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‘1’ is initialized to 3, and incremented by 3. When i is 15, control will go out of the loop. 
So 15 will be printed. (The empty semicolon immediately following the ‘for’ state- 
ment, means the body of the for loop is empty.) 

The use of continue statement forces the execution to skip the remainder of the cur- 
rent pass over the loop and initiates the next. If ‘i’ is 3, printf statement will be 
skipped. Hence the answer is b. 

k = -7. So, if ‘k’ is used as a Boolean variable, it will be treated as a true condition. 
So, ! k will be false i.e., 0. So, O < !k is actually O < 0, which is false. So, 0 will be 
printed. 

putchar (105) will print the ASCII equivalent of 105 i.e., ‘i’. The printf statement 
prints the current value of i, i.e., 5 and then decrements it. So, h4 will be printed in the 
next pass. This continues until ‘i’ becomes 0, at which point the loop gets terminated. 
Since x > 7 is false, the ternary operator ?: returns “Sc”. So, printf (“%Sc”, i) 
will be executed. So, the ASCII character corresponding to 107, i.e., ‘k’ will be printed. 
Refer Qn. 38. 

printf (“az”) prints az and returns a value 2 (since it printed two characters). So, 
the condition results in the printing of az2. Since it always returns 2, it is an infinite 
loop. The output will be az2byaz2by. 

Refer Qn. 40 

Here the else clause will be executed. Since 2 < 0 is false, four4 will be printed. 
The else clause has no braces i.e., { and }. This means the else clause is made up of 
only one statement. So, printf (“a <= b”); will be executed anyway, i.e. if a>b 
or a<=b. Hence the answer. 

The condition is putchar (0) . This returns a value 0 which is a false condition. So, 
the loop will not be executed even once. 

a[2] will be converted to * (a + 2). 

*(a + 2) can as well be written as * (2 + a). 

*(2 + a) isnothing but 2 [a] . So, a[2] is essentially same as 2 [a], which is same as 
*(2 + a). So, it prints 9 + 9 = 18. Some of the modern compilers don’t accept 2[a]. 
*a points to the string “abcd”. **a is the first character of “abcd”, which is the 
character ‘a’. 

Which means a function will be manipulating a copy of the local variable, passed as argu- 
ment. So, any change will be local and hence will not be reflected in the calling routine. 
(Refer Qn. 65) 

This involves recursion - main () calling itself. So, it keeps on printing tim 

Since Madam is the required output, the function first (), should print ‘a’, call the 
function second () that prints the `d’ and print ‘a’ again. Hence c is the correct 
answer. 

Refer Qn. 61. change (a), prints 5 but the value of ‘a’ in main () is still 4. So, 
main() will print 4. 
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This will not compile successfully. The scope of the variable `j” is the single printf 
statement that follows it. So, the last statement that involves `j’ will complain about 
the undeclared identifier `J”. 

By default x will be initialized to 0. Since its storage class is static, it preserves its exit 
value (and forbids reinitialization on re-entry). So, 123 will be printed. 

The compiler will tokenize a+++b asa, ++, +, b. So,at++bisequivalentto a++ +b, 
which evaluates to 7. 

Refer Qn. 72. at++++b will be tokenized toa, ++, ++, +, b. The compiler (parser), 
while grouping the tokens to expression, finds the second ++, applied to a++, an in- 
teger. Since ++ operator needs address (i.e., L-value), it will display the error message 
— Invalid lvalue in increment. So, to add a++ and ++b, use parenthesis 
or blanks to tokenize the way you intended. 


return always terminates the function that executed it. main () being a function, will be 
terminated when it executes the return statement. The return value will be returned 
to the calling environment, which is the operating system in this case. 


arg[0] isa pointer to the executable code file name. So, puts (argv [0] ) ; prints it. 
Like array name, name of a function is a pointer to it. 

The function abc can be invoked as abc () or (*abc) (). Both are two different ways of 
doing the same thing. 

The declaration means, ptr is a pointer, pointing to a one dimensional character array 
of size 4. It is assigned the address wer. So, ptr and ptr+1 will differ by 4 bytes. 
**c = 5, essentially means a = 5, as can be seen with the following pictorial rep- 
resentation of the given declarations. 


Address Value Name 
100 a 
120 b 
135 120 € 


The statement is same as (int *)a. So, the value of ‘a’ i.e., 5 is converted into a 
pointer to integer data type, because of the casting assigned to a. 

The first declaration means, first is a function (returning a character), whose only 
argument is, a pointer to a function that takes a character and float as arguments and 
returns an integer. The name of a function can be used as the starting address of the 
function (i.e., a pointer to it). So, option c is correct. 

Since ‘a’ is an integer and ‘b’ is a pointer, they can’t be multiplied. 

a**b will be semantically interpreted as a *(*b). Since ‘a’ and *b are integers, 
they can be multiplied. 

First form the truth table of the exclusive OR operation. If both the switches are off i.e., 
0, O then the light will be off i.e., 0. So, 0, O yields 0. If you switch on either of the 


115. 


116. 


120. 


123. 


125. 


131. 


132. 


133. 
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two switches, i.e., 0 1or1 0, the light will be on. So, O 1 yields 1 (so does 1 0). 
Now, if you switch on the other one, which is currently off, it will be 1 1. This should 
yield a 0. Compare these results with the truth table of XOR. 
The left shift operator <<, pushes out the most significant (left-most) bit. If it happens 
tobeal,a << 1, will not be same as multiplying a by 2. 
The sum (or bit-wise OR) of a number and its 1’s complement will be all 1’s. How many 1’s 
depends on how many bits are needed to represent the number. If the sum is 2*° - 1, then 
the sizeof (int) in bits must be 20. 
The binary representation of odd numbers will have a 1 as the least significant digit. So, 
an odd number ANDed with 1, produces a 1. Even numbers end with 0. So, an even 
number ANDed with 1, produces a 0. This for loop generates even and odd numbers 
alternatively. So, it prints alternate 0’s and 1’s. 
The macro call will be expanded as 
sarte (a + 2 * a+2+ b+ 3 * b + 3). 

i.e., sqrt (3 * a + 4 * b + 5). Hence the answer. 
Let n=7. It needs actually a 3 bit-field. But 1og (n+1) + 1 willbe log (8)+1, i.e., 
4, which is wrong. If n=8, 4 bits are needed. But, log(n-1) + 1 willbe log (7) 
+ 1, which will have an integral part of 3. Log (n) + 1 will yield the correct result 
in both the cases. 
&street and street will have the values which is the starting address of the street 
array. However, street is a pointer to the first character whereas &street is a pointer 
to the entire array. The incremented values of street and &street reflect this dif- 
ference. 
atb+c%3 will be 0 if a+b+c is a multiple of 3. This will happen in one of the follow- 
ing ways. All three- a, b, and c are multiples of 3. This can only happen ifa, b, 
and c take one of the 10 values,- 3, 6, 9, .., 30, independent of one another. 
So, there are 10x10x10 = 1000 ways this can happen. Another possibility is that a, 
b, and c all leave a remainder 1 so that a+b+c is evenly divisible by 3. Considering 
all the different possibilities and adding, we get 9000. That will be the integer that gets 
printed. 
Refer Qn. 132. 
The result can be analytically reasoned out. It can also be programmatically verified by 
having an integer variable countAddition (initialized to 0) and incrementing this vari- 
able each time an addition is performed. With these changes the program fragment looks 


like, 

int countAddition = 0; 

d = 0; 

Om (Ase <3 1 Aly +tcountAddition) 


//To account for the addition in ++i 
for(j=1; 4<31; wis tcountAddition) 
//To account for the addition in ++j 
for(k=1; k<31; k, +tcountAddition) 
//To account for the addition in ++k 
1f(((2 + j + k) &3) == 0) 
{ 
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d = dtl; 
++countAddition; //To account for the addition in 
d= dtl 
countAddition; //To account for the addition in itj 
countAddition; //To account for the addition in j+k 
} 
else 
{ 
countAddition; //To account for the addition in itj 
countAddition; //To account for the addition in j+k 
} 
printf (“Sd”",d); 
printf (“\n%d”, countAddition); 


The value of the variable countAddition that is printed by the last statement is the answer. 


134. 6 comparisons are needed when n = 31. This is [log,n4 
7 comparisons are needed when n = 32. This is | logni 
7 comparisons are needed when n = 33. This is [log,n4 
7 comparisons are needed when n = 63. This is [log,n4 


8 comparisons are needed when n = 64. This is [log,n4 


ert 
+1 | 
+1 | 
+1 | 
+1 | 


135. The static variable, r, behaves like a global variable with a local scope. All the different 


activations of the function f, share this static variable. 


LS)" = 

point */ 
£(3) = £(2) + 5 
f(2) = f(1) + 5 
f(1) f(0) + 5 
ECOJ = 1 


Back substituting, A5) is 18. 


£(3) + 2 /* the value r, will be 5 at this 


136. Only the leaf node will have both the leftChild and rightChild as NULL. 


137. Find below the flowchart for the given expression, 


(x>y)? ((x>z) xoz): (y >z}? (ytz) 


Return z 


Return y Return z 


Fig. 3.2 


Return x 


Options B and C cannot be correct since none of the variables has the value 4. 


In options A and D, 4 is the value of y. The variable y is returned when the condition 


(x > y) is false and the condition (y > z) is true. 
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Initially, x = 4, py is pointing to x and ppz is pointing to py. 

*žppz += 1l increments the value in the memory location pointed to by py. 

Hence, z takes the value 5 

*py += 2 increments the value in the memory location pointed to by py, now becomes 7. 
Hence, y takes the value 7 

Since x is passed by value, it is still at 4, but gets incremented by 3. 

Hence, it returns 7+7 +5=19 


When the character read is ‘\n’ the statement ?2 will be executed. If ?2 is the statement 
putchar(c); all the characters that were read during the recursive calls and stored in a 
stack, will be popped and printed. 


When Yis [2222222222] and x > 2, i and j will get stuck at 8 and 9 respectively, 
resulting in an infinite loop. 


You can verify that the infinite looping problem is fixed by this change. 

The function call fun (5, &x) calls fun (4, &x) 

The call to fun (4, &x) calls fun (3, &x) 

The call to fun (3, &x) calls fun (2, &x) 

The call to fun (2, &x) calls fun (1, &x) 

During the unwinding process, all the statements that follow the function call will be 
executed. Find below the sequence of statements that will be executed (in the listed 
order) during the unwinding process. 

The function call, fun (1, &x), assigns 1 to *f p ; Returns 1 

The function call, fun (2, &x), assigns | to t; assigns 1 + 1 to f, assigns 1 to *f p ; 
returns 2 
The function call, fun(3, &x), assigns 2 to t; assigns 2 + 1 to f; assigns 2 to *f p ; 
returns 3 
The function call, fun (4, &x), assigns 3 to t; assigns 3 + 2 to f, assigns 3 to *f p ; 
returns 5 


The function call, fun (5, &x), assigns 5 to t; assigns 5 + 3 to f; assigns 5 to *f_p ; 
returns 8 


The following information will help you trace the execution. 


Variable Value Address in 
MEE na Memory 
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Execution of the statement, p = q; results in, 


Variable Value Address in 
Name Memory 
í 0 H4 
j 1 HO 
p HO AO 
q HO A8 


Execution of the statement, *p = 2; results in, 


Variable Value Address in 
Name Memory 
í 0 H4 
j 2 HO 
p HO AO 
q HO A8 
144. Note that*a = a[0], *(at+l) = a[l], ete. 


Track the recursive calls with a tree-like structure like this: 
f (a,6) 
12 + f(at1,5) 
7 - f(at1,4) 
13 - f(a+1,3) 
4 + f(a+1,2) 


11 - f(a+1,1) 


7X 


6 + 0 


Fig. 3.3 


Unwinding the recursive calls, we get f(a, 6) = 15. 

145. At the end of the while loop, p holds the pointer to the last element, and q to the penultimate 
element. So the logical sequence would be to set g->next to NULL, p->next to head and 
head to p. 

Option B appears to be similar, but it would create a self-reference on the head node. 
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p[3] is ‘£’ and p[1] is ‘A’ 
p[3] — p[1] = 4 (ASCII value of character E — ASCII value of character A) 
p+ pi3]-plil=p+4 
p +4 is pointer to the character 2 
345%10 = 5; 345/10 = 34. 
foo(345, 10) > 5 + foo(34, 10) 
foo(34, 10) > 4 + foo(3, 10) 
foo(3, 10) — 3 + foo(0, 10) 
foo(0, 10) = 0 


foo (513, 2) — 1 + foo (256, 2) 

Since 256 is a perfect square of 2, dividing it successively by 2 will yield remainder 0 till 
it becomes 1. 

foo (1, 2) > 1+0 

So, foo (513, 2) = 2 

Execution will fall through from the first match. 

Let us manually trace the execution flow, focusing on the scope, precedence, and persis- 
tence of the declared variables. Remember that in C language, variables that are locally 
declared as static, have scope that is limited to the block/function in which they are de- 
clared but the values persist till the termination of the program. Persistence of automatic 
local variable and register variable are same—unlike static variables, they don’t retain 
their exit values across calls. Also note that statement a += ++b is same as a=at 
++b. It (pre-)increments b, adds the incremented value to the current value of a, and 
assigns the resulting value to a. 

The first printf () statement that gets executed is the one that is inside the prtFun () func- 
tion. This prints 4 2 on a new line. The second printf () statement that gets executed 
is also the one that is inside the prtFun () function. Before the statement a += ++b gets 
executed, the value of b is 1 and the value of a is 4 (because the previous exit value 
persists across calls). So, statement a += ++b assigns 6 to a and 2 to b. This printf () 
statement prints 6 2 on a new line. 

The last printf () statement that gets executed is the one that is inside the main function. 
Any reference to a resolves to the local variable declaration inside the main function. 
Any reference to b resolves to the global variable declaration. The printf () statement 
prints 2 0 on a new line. 

Review explanation to the previous question. 

The first printf () statement that gets executed is the one that is inside the prtFun () func- 
tion. This prints 4 2 on a new line. The second printf () statement that gets executed 
is also the one that is inside the prtFun () function. Before the statement a += ++b gets 
executed, the value of b is 1 and the value of a is 2. So, statement a += ++b assigns 
4to a and2 to b. This printf () statement prints 4 2 on a new line. 

The last printf () statement that gets executed is the one that is inside the main func- 
tion. Any reference to a resolves to the local static variable declaration inside the main 
function. Any reference to b resolves to the global variable declaration. This printf () 
statement prints 2 0 on a new line. 
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#35 


Object Oriented 
Programming 
using C++ 


. C++ was originally developed by 


(a) Clocksin and Mellish (b) Donald E Knuth 
(c) Sir Richard Hadlee (d) Bjarne Stroustrup 
cfront 


(a) is the front end of a C compiler 
(b) is the pre-processor of a C compiler 
(c) is a tool that translates a C++ code to its equivalent C code 
(d) none of the above 
The following program fragment 
int i=10; 
void main( ) 
{ 
int i=20; 
{ 
int i=30.; 


cout << i << ::i; 
} 
} 
(a) prints 3010 (b) prints 3020 
(c) will result in a runtime error (d) none of the above 


Which of the following are procedural languages? 


(a) Pascal (b) Smalltalk (c) C++ (d) C 


A function abc is defined as 
void abc(int x=0, int y=0) 
{ cout << x << y; } 
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Which of the following function calls is/are illegal? (Assume h, g are declared as 
integers) 

(a) abc(); (b) abc (h); 

(c) abc (h,h); (d) None of the above 


. The following C++ code results in 


include “iostream.h” 
void main (void) 
{ 
cout << (int i=5) << (int j=6); 
} 


(a) compilation error (b) runtime error 

(c) linktime error (d) none of the above 
Reusability is a desirable feature of a language as it 

(a) decreases the testing time (b) lowers the maintenance cost 
(c) reduces the compilation time (d) reduces the execution time 
Choose the correct statements regarding inline functions. 

(a) It speeds up execution (b) It slows down execution 

(c) It increases the code size (d) It decreases the code size 


. If many functions have the same name, which of the following information, if present, 


will be used by the compiler to invoke the correct function to be used? 


(a) The operator : : (b) The return value of the function 
(c) Function signature (d) None of the above 
The statements 
int a = 5; 
cout << “FIRST” << (a<<2) << “SECOND”; 
outputs 
(a) FIRST52SECOND (b) FIRST20SECOND 
(c) SECOND25FIRST (d) an error message 


Choose the correct remarks. 

(a) C++ allows any operator to be overloaded. 

(b) Some of the existing operators cannot be overloaded. 

(c) Operator precedence cannot be changed. 

(d) All of the above. 

A constructor is called whenever 

(a) an object is declared (b) an object is used 
(c) a class is declared (d) aclass is used 


Which of the following remarks about the differences between constructors and destruc- 
tors are correct? 
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(a) Constructors can take arguments but destructors cannot. 
(b) Constructors can be overloaded but destructors cannot be overloaded. 
(c) Destructors can take arguments but constructors cannot. 
(d) Destructors can be overloaded but constructors cannot be overloaded. 
*14. The following program fragment 
void main( ) 


{ 
int x=10; 
int &p=x; 
cout << &p << &x; 
} 
(a) prints 10 and the address of x (b) results in a run time error 
(c) prints the address of x twice (d) prints the address of p twice 


*15. The declaration 
int x; int &p=x; 


is same as the declaration 


int xX,*Pp; P EX; 
This remark is 
(a) true (b) false 
(c) sometimes true (d) none of the above 
16. The following program segment 
const int m=10; 
int &n=m; 
n=11; 
cout << m << n; 
(a) results in compile time error (b) results in run time error 
(c) prints 1111 (d) prints 1011 
*17. The following program segment 
int a=10; 
int const &b=a; 
a=11; 
cout << a << b; 


(a) results in compile time error (b) results in run time error 
(c) prints 1111 (d) none of the above 
18. Which of the following is not a storage class supported by C++? 
(a) register (b) auto (c) mutable (d) dynamic 
*19. Consider the following program segment. 
static char X[3] = “1234” ; 


COU. “sk. Xe 
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A complete C++ program with these two statements 
(a) prints 1234 (b) prints 123 
(c) prints 1234 followed by some junk (d) will give a compilation error 
20. Consider the declarations 
const char cc = `h’; 
char *cp; 
const char *const ccpc = &cc; 
char *const *cpcp; 
Which of the following statements 
Statement I: cp = *cpcp; 


Statement II: **cpcp = *cp; 

Statement III: *cp = **cpcp; 

are legal? 

(a) All are legal (b) All are illegal 

(c) Only statement I is illegal. (d) Statements I and III are illegal. 
21. Which of the following operators cannot be overloaded? 

(a) >> (b) ?: 

(c) . (d) No such operator exists 


The next two questions are based on the following program segment. 


4 class A > 


{ public 
A (void) 
{ court << "Howznat s } 
~A (void) 
L cout << ° mhatizit g l 


he 


Gillen, BY o 2A 


{ jonsloilste 
B (void) 
{ cout << “ WYSIWYG” ; } 
~B (void) 
coute << “ wACC? ¢ 2 
h }e d 
22. The declaration B x; 


(a) prints Howzhat WYSIWYG YACC Whatizit 
(b) prints nothing 
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(c) prints YACC Whatizit Howzhat WYSIWYG 
(d) none of the above 
If the main function has the two statements 


BR y 

cout << 
the output will be 
(a) Howzhat WYSIWYG YACC Whatizit done 
(b) Howzhat WYSIWYG done YACC Whatizit 
(c) YACC Whatizit Howzhat WYSIWYG done 
(d) none of the above 


“ 


done” ; 


class Dog : public X, public Y 
is an example of 
(a) multiple inheritance (b) repeated inheritance 
(c) linear inheritance (d) none of the above 
Choose the correct statements. 
(a) A destructor is not inherited (b) A constructor cannot be called explicitly 
(c) A destructor can be called explicitly (d) A constructor is not inherited 
A function abc is defined as 

void abc(int x=0, int y, int z=0) 

{ 

cout << x << y << Z; 


} 
Which of the following function calls is/are illegal? (Assume h, g are declared as 
integers) 


(a) abc(); (b) abc (h); 
(c) abc(h,h); (d) None of the above 
The compiler identifies a virtual function to be pure 


(a) by the presence of the keyword pure 

(b) by its location in the program 

(c) if it is equated to 0 

(d) none of the above 

Let class APE be a friend of class SAPIEN. Let class HUMAN be a child class of 
SAPIEN and let MONKEY be a child class of APE. Then 

(a) SAPIEN is not a friend of APE (b) APE is not a friend of HUMAN 

(c) MONKEY is not a friend of SAPIEN (d) none of the above 

A class having no name 


(a) is not allowed (b) cannot have a constructor 
(c) cannot have a destructor (d) cannot be passed as an argument 
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30. For a method to be an interface between the outside world and a class, it has to be 
declared 


(a) private (b) protected (c) public (d) external 
The next three questions are based on the following information. 


int C=, b=2; 
a = chg(b); 
Cout «<< a << loge 


*31. If the function chg is coded as 
int chg(int x) 
{ 
x = 10; 
return (11); 


then 
(a) it results in compile-time error (b) it results in run time error 
(c) it prints 112 (d) it prints 1110 


*32. If the function chg is coded as 
int chg(int &x) 
{ 
x = 10; 
return(11); 


then 
(a) it results in compile-time error (b) it results in run time error 
(c) it prints 112 (d) it prints 1110 


*33. If the function chg is coded as 
int chg(const int &x) 
{ 
x=10; 
return (11); 


then 
(a) it results in compile-time error (b) it results in run time error 
(c) it prints 112 (d) it prints 1110 


34. Choose the correct statements from the following: 
(a) In a struct, the access control is public by default. 
(b) In a struct, the access control is private by default. 
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(c) In a class, the access control is public by default. 
(d) In a class, the access control is private by default. 
35. Overloading is otherwise called as 
(a) virtual polymorphism (b) transient polymorphism 
(c) pseudo polymorphism (d) ad-hoc polymorphism 
36. Consider the following program segment. 


const char *pl = “To make the bitter butter better ”; /stml 
char *const p2 = “Recommend this book 2 others ”; //stm2 
pl = “add some better butter not bitter. ” ; //stm3 

p2 = “so that they 2 will get benefited. ” ; //stm4 
*(p1+3) = ‘A’ ; //stmd5 

*(p2+3) = ‘A’ ; //stmé 

Which of the statement results in error? 

(a) stm4 and stm5 (b) stml and stm2 

(c) stml and stm4 (d) stm2 and stm3 


37. C++ encourages structuring a software as a collection of components that are 
(a) highly cohesive and loosely coupled 
(b) not highly cohesive but loosely coupled 
(c) highly cohesive and tightly coupled 
(d) not highly cohesive but tightly coupled 
*38. Which of the following parameter passing mechanism(s) is/are supported by C++, but 


not by C? 
(a) Pass by value (c) Pass by reference 
(c) Pass by value-result (d) All of the above 


39. cout stands for 
(a) class output (b) character output (c) common output (d) call output 
40. The following program 
void abc(int &p) 
{ cout << py } 
void main(void) 
{ 
float m = 1.23; 
abc(m); 
cout << m; 
} 
(a) results in compilation error (b) results in run time error 
(c) prints 1.23 (d) prints 1 


* 


41. 


42. 


43. 


44, 
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Reference is not same as pointer because 

(a) a reference can never be null 

(b) a reference once established cannot be changed. 

(c) reference doesn’t need an explicit dereferencing mechanism. 

(d) they are one and the same 

If a piece of code can be implemented as a macro or as an inline function, which of 
the following factors favour implementation as an inline function? 

(a) Speed of execution 

(b) Flexibility to manipulate as a pointer 

(c) Source code size 

(d) Interacting with other components (like variables in an expression), in the correct 


way. 
The fields in a structure of a C program are by default 

(a) protected (b) public 

(c) private (d) none of the above 
The fields in a class, of a C++ program are by default 

(a) protected (b) public 

(c) private (d) none of the above 


The next three questions are based on the following program segment. 


d 


~ 


class mho N 
{ jowloilae 
mho (void) 


e 


{ eope << There was” p } 


mho (mho &x) 


e 


{ eour «<< a certain imam’ ¢ } 
mho operator = (mho y) 


{ wilde, Oam recaia (Omm) p } 


Po A 


*45. If the function main is coded as 


mho a,b; 
the output will be 
(a) There was There was 
(b) nothing 
(c) arun time error 


(d) There was a certain man There was a certain man 


*46. If the function main, is coded as 


mho a; a=a-a; 
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the output will be 
(a) There was There was 
(b) nothing 
(c) a run time error 
(d) There was a certain man There was a certain man 
*47. If the declaration 
mho operator - (mho y) ; 
is replaced by 
mho operator - (mho &y) ; 
the output will be 


(a) There was There was 
(b) nothing 
(c) There was There was a certain man 

(d) There was a certain man There was a certain man 


The next two questions are based on the following program segment. 


a Class A N 
{ alin kG 
protected: 


aE EAA 


PUDIESE 


LAE SA 


class B : public A 


t publies 
iaw aa 

Ie 

elass. © 8 3B 


L (rr A 
48. The variable i2 is accessible 
(a) to a public function in class A (b) to a public function in class B 


(c) to a public function in class C (d) from the main function 
49. Which variable(s) is/are accessible from the main function? 
(a) il (b) i2 
(c) i3 (d) None of the above 
*50. The following program 
class abc; 
class def 


(a) 
(b) 
(c) 
(d) 
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{ int il; // statement 1 
protected: int i2; // statement 2 
public: int i3; // statement 3 


friend abc; 
j; 
class abc 
{ public: 
void main(def A) 
{cout << (A.il=3); cout << (A.i2=4); 
YF 
void main( ) 
{ 
def x1; 
abc x2; 
x2.mn (x1); 
} 
will compile successfully if statement 1 is removed 
will compile successfully if statement 2 is removed 
will compile successfully if statement 3 is removed 
will run successfully and print 345 


cout << (A.i3=5) } 


The next two questions are based on the following C++ program. 


# include “iostream.h” 


~ 


Line 2) NNE 


{ return 
b(in 


T ieeicibhiens 


LAE 


Law Ehei 


m) 
rte 
t &m) 
me 


ar &m) 


{ 


IS 


E Vuela 


++m; 


} 


void main() 


Cour << O << G KS jee 
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The above program 
(a) results in compilation error (b) prints 123 
(c) prints 111 (d) prints 322 
If the statement 
q += b(a(q)); is replaced by the statement 
q += b(a(p)); then the above program 
(a) prints 111 (b) results in compilation error 
(c) prints 322 (d) prints 352 
Consider the declarations: 

char a; 

const char aa = `h’; 


char *na; 


const char *naa; 
Which of the following statements 


StatementI: aa = a; 

Statement II: na = &a; 

Statement III: na = &aa; 

is/are illegal? 

(a) Only I and II (b) Only II and II 

(c) Only I and III (d) All the three statements are illegal 
Forgetting to include a file (like cmath or math.h) that is necessary will result in 

(a) compilation error (b) warning when the program is run 

(c) error at link time (d) warning when the program is compiled 


Assume that the random number generating function — rand( ), returns an integer 
between 0 and 10000 (both inclusive). If you want to simulate the throwing of a die 
using this random function, use the expression 


(a) rand( ) % 6 (b) rand( ) % 6 + 1 
(c) rand( ) %® 5 + 1 (d) none of the above 


Assume that the random number generating function — rand( ), returns an integer be- 

tween 0 and 10000 (both inclusive). To randomly generate a number between a and b 

(both inclusive), use the expression 

(a) rand( ) % (b-a) (b) (rand( ) a) + b 

(c) (rand( ) 3 (b-a)) + a (d) (rand( ) (b-at+1)) + a 

Which of the following comments about inline comments are true? 

(a) A function is declared inline by typing the keyword inline before the return value 
of the function. 

(b) A function is declared inline by typing the keyword inline after the return value of 
the function. 

(c) A function that is declared inline may not be treated inline. 


o 
5 
Q 

K 


(d) Inline functions are essentially same as implementing a function as macro. 


58. 


*59, 


*60. 


*61. 


62. 


63. 


*64. 
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Which of the following decides if a function that is declared inline is indeed going to 
be treated inline in the executable code? 

(a) Compiler (b) Linker (c) Loader (d) Preprocessor 
Which of the following type of functions is an ideal candidate for being declared inline? 
(a) A function that is small and is not called frequently. 

(b) A function that is small and is called frequently. 

(c) A function that is not small and is not called frequently. 

(d) A function that is not small and is called frequently. 

One of the disadvantages of pass-by reference is that the called function may inadver- 
tently corrupt the caller’s data. This can be avoided by 

(a) passing pointers 

(b) declaring the formal parameters constant 

(c) declaring the actual parameters constant 

(d) all of the above 


What is the output of the following C++ program? 
void abc(int x = 0, int y = 0) 
{ cout << “Hi There”; } 


void abc(int x) 
{ cout << “How R U doing today?”; } 


void main(void) 
{ 
int m = 5; 
abc (m); 
} 
(a) Hi There 
(b) How R U doing today? 
(c) What gets printed depends on how the particular compiler is implemented 
(d) It results in compilation error 
Choose the best answer. 
A function that does the same operation on different data types is to be implemented 
using 


(a) macros (b) overloading 

(c) function templates (d) default arguments 

At what point of time a variable comes into existence in memory is determined by its 
(a) scope (b) storage class 

(c) data type (d) all of the above 

Which of the following specifiers need not be honored by the compiler? 


(a) register (b) inline (c) static (d) extern 
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65. Which of the following cannot be declared static? 


(a) Class (b) Object 
(c) Functions (d) Member variables 
*66. The order in which operands are evaluated in an expression is predictable if the opera- 
tor is 
(a) * (b) + (c) % (d) && 


l. d 2C 3. a 4. a, d 
5. d 6. a 7. a,b 8. a,c 
9. a,c 10. b 11. b,c 12. a 

13. a,b 14. c,d 15. b 16. a 

17. ¢ 18. d 19. d 20. a 

21. b,c 22. a 23. b 24. a 

25. a,b, d 26. a,b 27. c 28. a,b,c 
29. b,c, d 30. c 31. ¢ 32. d 

33. a 34. a,d 35. d 36. a 

37. a 38. b 39. c 40. a 

41. a,b,c 42. b,d 43. b 44. c 

45. a 46. d 47. c 48. a, b, c 
49. d 50. d 51. d 52. d 

53. c 54. c 55. b 56. d 

57. a,c 58. a 59. b 60. b 

6l. d 62. c 63. b 64. a, b 
65. a, b 66. d 


ati @@@—@-_-_—_—_————— 


2. When C++ was developed. it did not have a compiler. It used cf ront, which translated 
the C++ code into a C code and then the existing C compiler was used to compile the 
program originally written in C++. 

3. :: is basically meant to manipulate a global variable, in case a local variable also has the 
same name. 

4. Procedural languages sequentially execute a set of imperative statements to achieve the 
desired effect. Most of the traditional languages fall in this category. 

5. Both the arguments are optional. All the calls are legal. 


7. 


8. 


10. 


13. 


14. 


15. 


17. 


19. 


26. 


31. 


32. 


33. 


38. 


42. 


45. 
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Reusable code is an already used code, as the name implies. Hence it is bug-free and pre- 
tested. There is no need to test it. 

Each occurrence of the inline function call will be replaced by its body. No function 
call overhead will be there but the size of the code will increase. 

The symbol << has a context sensitive meaning. The << in (a<<2) means shifting a by 
2 bits to the left, which is nothing but multiplying it by 4. So, a<<2 will be 5 x 4 = 20 
and hence the output will be FIRST20SECOND. 

Since destructors do not take arguments, the question of overloading does not arise at all. 


int &p=x aliases p to x. This means they refer to the same memory location. So, the 
address of x will be same as that of p. 
In the first declaration, p is aliased to x. In the second case, p is a separate variable and 
it will have an address that is different from that of x. 
The very idea of declaring b as a constant integer is to protect it from changes. How- 
ever, since it is aliased to a variable whose attribute is not const, the value of b can 
be indirectly changed by changing the value of a. This is a bad programming practice. 
C++ forbids initialization with strings, whose length is more than the size of the array. A 
C compiler permits. 
Since the second argument is mandatory, any call should have at least the first two param- 
eters. Some compilers expect the optional parameters to follow the others. Such compilers 
give a compilation error. 
Here the default parameter passing mechanism of pass by value will be used. Any 
change done to the parameter will not be reflected outside the function. So, b retains its 
value 2. 
Here the parameter passing mechanism is pass by reference. Any change done to the pa- 
rameter will be reflected outside the function. So, the value of b, after the exit of the 
function will be 10. 
Here the function chg tries to change the parameter x, which is not allowed as it is de- 
clared to be a constant integer. So, the compiler gives an error. 
As such C does not support pass by reference. But it can be simulated by using 
pointers. 
Macros do not have an address associated with them as they are processed by the pre- 
processor. They cannot be passed as arguments to a function, etc. Also, macros are re- 
placed in a blind manner without any regard to the context which may result in a stupid 
code, like 

#define mul(a,b) a*b 
The macro call mul (a, b+1) will be expanded as a*b+1, but our intention was to get 
a* (bt+1). 
Whenever a class variable is declared, its constructor will be activated. Here the construc- 
tor is coded to print There was. Hence it will be printed twice as two variables are 
declared. 
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The declaration mho a, results in the printing of There was. The next statement 
a=a-a, will be matched with the corresponding prototype, mho operator - (mho y). 
So, the value of a, will be copied onto y. This process invokes the copy constructor mho 
(mho &x), which prints a certain man. Next is the declaration mho ohm, which 
results in the printing of There was. Finally, the copy constructor will again be called by 
the assignment operator in a=a-b, which prints a certain man. 

In this case the value of a, will not be copied onto y, as the parameter y is referenced. 
So, copy constructor will not be called and so, a certain man will not be printed. 
However, the assignment operator invokes the copy constructor and soa certain man 
will be printed finally. 

Since abc is a friend of def, it can access all its data, does not matter whether it is de- 
clared private, protected or public. 

It should randomly generate any integer between 1 and 6. rand( ) % 6 returns an integer 
from 0 to 5. To make it 1 to 6, we need to add 1 

An example will help you understand. Let a be 6 and b be 10. There are 5 numbers be- 
tween 6 to 10 (both inclusive). This is b—a+1 (10 — 6 + 1). rand( ) % (b — a + 1) returns 
an integer from 0 to (b — a). To make it a to b, add a, giving rand( ) % (b—-a+1) + a. 

If the function is small, it is not going to significantly increase the code size. If it is made 
inline, there is no function call overhead. How much you gain is proportional to the 
frequency of call. 

If the formal parameters are declared constants, the compiler will not allow any changes 
to be made. So the question of - inadvertently corrupting the caller’s data, does not arise 
at all. 

The call abc ( ) matches with the signatures - void abc(int x = 0, int 
y = 0) andvoid abc(int x). The compiler cannot unambiguously resolve this 
conflict. So it complains. 

Register and inline are not compiler directives but rather request to the compiler. These 
requests need not be honored by the compiler. 

The order in which operands are evaluated in an expression is not defined by the 
language and is compiler-dependent. For example, pop( ) - pop( ) may do 
(current top stack) — (the data just below the current top), or vice-versa, depending on 
which pop( ) call is executed first. However, the order of evaluation for the operator 
&& is defined by the language. It evaluates from left to right. Do not confuse order 
of evaluation with associativity. 


Note: 


Unless stated otherwise, all questions pertain to Java. 


. Which of the following is not a primitive data type? 


(a) boolean (b) byte (c) string (d) double 


. What is the output of the following program? 


public class TestFirstApp { 


public static void main(String[] args) { 
System. out.printlin((l==1) ? (7 == 8) ? 5: 6 4); 
} 
} 
(a) 4 (b) 6 (c) 5 (d) 1 


. Consider the following program. 


public class TestFirstApp { 
public static void main(String[] args) { 
int wer; 
System.out.printin("The value of wer is: " + wer); 


} 


Choose the correct statement(s). 


(a) This program will not compile successfully because the local variable wer is used 
without being assigned a value. 


(b) The value of wer that is printed is an unpredictable garbage value. 
(c) The value of wer that is printed is 0. 
(d) The value of wer that is printed is compiler dependent. 
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*4. The statements 
byte var = ~9; 
System. out.printin (var); 
(a) prints —9 (b) prints —10 (c) prints -119 (d) prints 118 
5. The finally block is executed 
(a) only when a checked exception is thrown 
(b) only when an unchecked exception is thrown 
(c) only when an exception is thrown 
(d) irrespective of whether an exception is thrown or not 


The next two questions are based on the following program. 


public class TestFirstApp { 

public int doIt (int m, int n) { 
m= m+n; 
n=m- n; 
m=m- n; 
return (10*m + n); 

} 

public static void main(String[] args) { 
int[] myArr = {3, 6, 2}; 
TestFirstApp myObj = new TestFirstApp(); 
System. out.println( myObj.doIt (myArr [1], 
myObj .doIt (myArr[2], myArr[0])) ); 


} 
} 
6. What is the output of this program? 
(a) 623 (b) 236 (c) 326 (d) 362 
*7, What is the output if the last statement in this program is replaced by the following 
statement? 


System. out.println( myObj.doIt( myObj.doIt (myObj.doIt(myArr[2], 0), 
myObj.doIt (myArr[1], 0) 


) T 0 
) 
kn 
(a) 26 (b) 62 (c) 623 (d) 0 
8. The operators ||, &&, *, !, if arranged in the ascending order of precedence, 

read 

(a) &&, Il, *, ! (b) Il, &&, *, ! 

(c) Il; &&, !, * (d) !, Il; &&, * 


*9, The statement 
System.out.print((double) 7/4); 
prints 
(a) 1.75 (b) 1 (c) 1.0 (d) 2.0 


10. 


11. 


12. 


13. 


*14, 
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The next three questions are based on the following flowchart. 


int /=0 


False 


Statement 2 


Statement 1 
i=i+1 


Fig. 5.1 
Which of the following control structures is the most appropriate to implement the 
logic outlined in this flowchart? 
(a) do (b) switch (c) for (d) while 
Which of the following statements correctly implement the logic outlined in this flow- 
chart? 


(a) for (int i=0; i <= 9; ++i) (b) for (int i=0; i <= 9; i++) 
Statement 1; Statement 1; 
Statement 2; Statement 2; 
(c) for (int i=0; i <= 9; ) (d) for (int i=0; i <= 9; ++i) 
{Statement 1; ++i; } {Statement 1; 
Statement 2; Statement 2; } 


Which of the following statements correctly implement the logic outlined in this flow- 
chart? 


(a) int i = 0; (b) int i = 0; 
for (; i <= 9; ++i); for Gf i SS OR D 
Statement 1; Statement 1; 
Statement 2; ++i; 
Statement 2; 
(c) int i = 0; (d) int i = 0; 
for (; i <= 9; ) FOR, (“pak <=. 98. TR) 
{Statement 1; ++i; } Statement 1; 
Statement 2; Statement 2; 


What is the environment variable that contains a list of directories where Java looks 
for classes referenced in a program? 


(a) PATHCLASS (b) SEARCHPATH (c) PATHDIR (d) CLASSPATH 
Consider the statement 
System.out.print( Math.round(Math.random()) ); 


This statement can print 
(a) only 0 (b) only 1 
(c) only 0 or 1 (d) Any non-negative integer 
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Is null an object? 

(a) Yes (b) No (c) Sometimes yes (d) Noneofthese 
Which of the following methods is used to get the error message for the exception that 
was thrown? 

(a) printMessage (b) extractMessage 

(c) throwMessage (d) getMessage 

What condition could go into the black box if the following for loop prints 123456? 
int[] myArr = {1,2,3,4,5,6}; 

int m = myArr.length; 


for( ; EE : --n) 


System. out.print (myArr [myArr.length-m]); 
(a)m > 5 (b) m > 0 (c) m > 6 (d) m > 1 
What is the output of the following program? 


public class TestFirstApp { 

public static void magic(int x) { 
System. out.print (x%10) ; 
if ((x/10) != 0) 

magic(x/10); 

System. out.print (x%10) ; 

} 

public static void main(String[] args) { 
TestFirstApp.magic(2357) ; 


} 
} 
(a) 2357 (b) 75322357 
(c) 7532 (d) Runtime error 
subclass is also called 
(a) base class (b) child class (c) derived class (d) superclass 


Which of the following ways of declaring and initializing an 1-dimensional integer 
array of size three is/are syntactically correct? 

(a) int[ ] wer = {1, 5, 6}; (b) int wer[ ] = {1, 5, 6}; 

(c) int[3] wer = new int[ ] {1, 5, 6}; (d) int[ ] wer = new int[ ] {1, 5, 6}; 
What is the output of the following program? 


public class TestFirstApp { 
public static void main(String[] args) { 
int a=1, b=13; 
if ( (b<(a=ata))|| (b< (a=ata) 
|| (b<(a=ata)) | 
System. out.printin(b-a) 


) || (b<(a=a+a)) 
| (b< (a=a+a))) 


else 
System. out.printin(b+t+a) ; 


} 
(a) Compilation error (b) 14 
(c) 16 (d) None of these 
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*22. The following program 
public class TestFirstApp { 
public static void main(String[] args) { 
int m=3; 
System. out.printiln(m++ + ++m); 


} 


(a) results in compilation error (b) prints 6 
(c) prints 7 (d) prints 8 
*23. Which of the following statements will result in compilation error? 
(a) signed int abc; (b) unsigned int abc; 
(c) signed byte abc; (d) signed long abc; 
*24. The statements 
double whatIsThis = -1.0/0.0; 
System.out.println(whatIsThis) ; 
(a) results in compilation error (b) results in overflow error 
(c) prints -Infinity (d) prints a garbage value 
25. Math.ceil(x) has the same value as 
(a) -Math. floor (-x) (b) -Math. ceil (-x) 
(c) -Math. floor (x) (d) -Math. ceil (x) 
*26. Let m be a variable of datatype byte. The value of m<<4 is same as 
(a) mx 2f (b) 4m (c) mî (d) 4+m 


*27. The statements 


String werl = new String("Hi") ; 
String wer2 = new String("Hi") ; 
if (werl == wer2) 
System.out.println("This is not the answer"); 
else 
System.out.printlin("This is the answer"); 


(a) prints This is not the answer (b) prints This is the answer 
(c) prints garbage (d) None of these 
*28. What does the following program output? 
public class TestFirstApp { 
public static void main(String[] args) { 
int count = 0; 
for (int var = 0; var < 1000; var = var + 1) 


{ 


fe) 


if (var $ 3 == 1) 
{ 
countt+t; 
var = vart3; 


164 MCQs in Computer Science 


} 
System. out.print (count) ; 
} 
} 
(a) 165 (b) 166 (c) 167 (d) 168 
*29. Which of the following operators take(s) only integer operands? 
(a) % (b) ++ (post-increment) 
(c) ++ (pre-increment) (d) None of these 
30. How many #’s do the following statements print? 
for(int m=0, n=10; n-m > 5; ++m, --n) 
System. out.print ("#") ; 
(a) 0 (b) 1 (c) 2 (d) 3 
*31. Exceptions that are expected to possibly occur are called 
(a) checked exceptions (b) unchecked exceptions 
(c) runtime exceptions (d) errors 


The next two questions are based on the following information. 


Excellent college of Engineering and Technology uses the following table to translate 
percentage marks to grades. (Assume the % values are integers.) 


% of Marks 


90 or above (90 is included) 
80 — 90 (80 included; 90 excluded) 


70 — 80 (70 included; 80 excluded) 
60 — 70 (60 included; 70 excluded) 
50 — 60 (50 included; 60 excluded) 
0 — 50 (0 included; 50 excluded) 


32. Which of the following options correctly implement this grading logic? 
(Assume marks is an integer between 0 to 100, both inclusive.) 


(a) if ((marks >= 90) && (marks <= 100)) System.out.print (“Grade S”); 
else if ((marks >= 80) && (marks < 90)) System.out.print (“Grade A”); 
else if ((marks >= 70) && (marks < 80)) System.out.print (“Grade B”); 
else if ((marks >= 60) && (marks < 70)) System.out.print (“Grade C”); 
else if ((marks >= 50) && (marks < 60)) System.out.print (“Grade D”); 


else System.out.print (“Grade E”); 


(b) if ((marks >= 90) && (marks <= 100)) System.out.print (“Grade S”); 
else if ((marks >= 80) && (marks < 90)) System.out.print (“Grade A”); 
else if ((marks >= 70) && (marks < 80)) System.out.print (“Grade B”); 
else if ((marks >= 60) && (marks < 70)) System.out.print (“Grade C”); 
else if ((marks >= 50) && (marks < 60)) System.out.print (“Grade D”); 
else System.out.print(“Grade E”); 

(c) if ((marks > 90) && (marks <= 100)) System.out.print (“Grade S”); 
else if ((marks > 80) && (marks <= 90)) System.out.print (“Grade A”); 


if 
if 
FE 


( (marks > 70 
( (marks > 60 
( (marks > 50 


) 
) 
) 


&& (marks <= 80)) 
&& (marks <= 70)) 


&& (marks <= 


System.out.print (“Grade E”); 


(d) if ((marks >= 90) && 


else 


else 


else|e 


else 


else 


*33. Which of the following options correctly implement this grading logic? 


TE 
TE 
if 
if 


((marks >= 8 
((marks >= 7 
((marks >= 6 
( 


((marks >= 5 


(marks 
) && 
) && 
) && 
) 


( 
( 
( 
&& ( 


) 
< 
marks < 
< 
< 


< 100 


marks 


marks 


marks 


System.out.print (“Grade E”); 


) 


60) ) 


90)) 
80) ) 
70) ) 
60) ) 


Programming with Java 


System. 
System. 
System. 


System. 
System. 
System. 
System. 
System. 


out 


out 


out 


(Assume marks is an integer between 0 to 100, both inclusive.) 


(marks <= 100) 
(marks < 90)) 
(marks < 80)) 
(marks < 70)) 
(marks < 60)) 

) 


(marks < 50) 


(a) if ((marks >= 90) && 
if ((marks >= 80) && 
if ((marks >= 70) && 
if ((marks >= 60) && 
if ((marks >= 50) && 
if ((marks >= 0) && 

(b) if ((marks % 90) >= 
else if ((marks % 80 
else if ((marks % 70 
else if ((marks % 60 
else if ((marks % 50 
else 


(c) if 


if 


if 


if ((marks >= 


(( 90) 
(( 80) 
if ((marks >= 70) && 
( ( 60) 
( ( 50) 
0) 


&& 
&& 


&& 
&& 
&& 


(d) if ((marks/90) == 1 


else 
else 
else 
else 


else 


if 
if 
if 
if 


(marks/80 
(marks/70 
(marks/60 
( 


) 
) 
) 
marks/50) 


( 
( 
( 
( 


) 


(marks < 50 


1) 
= 1) 
1) 


= 1) 


<= 100)) 


90)) 
80) 
70) 
60) ) 
) 


) 
) 


NN AN A 


System.out.print (“Grade E”); 


*34. The following statements 


String wer = “12\u3456\u78910"; 
System. out.println( 


(a) print 4 


(b) print 13 


) 


wer.length() 


System 


System. 
System. 
System. 
System. 
System. 


System. 
System. 
System. 
System. 
System. 


System. 
System. 
System. 
System. 
System. 
System. 


System. 
System. 
System. 
System. 
System. 


ie 


(c) print 5 


out. 


out. 


out. 
out. 


out. 


prin 


prin 


sprain 


prin 
prin 


prin 


.prin 


PrI 


(“Grade 
(“Grade 
(“Grade 


.out.print (“Grade S”) 


out 
out 
out 
out 


out 


out 


out. 
out. 
out. 


out. 


out. 
out. 
out. 
out. 
out. 


out. 


out. 
Out 
out. 
out. 


out. 


-prin 
-prin 
sprin 
-prin 
-prin 


.print 


prin 
prin 
prin 


prin 


FOr Wo a. e a a 


(d) print 15 
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35. Which of the following calls find the maximum of three given integers, a, b, and c? 
(a) Math.max( Math.max(a, b), Math.max(a, c) ) 
(b) Math.max( Math.max(a, b), Math.max(b, c) ) 
(c) Math.max( a, Math.max(b, c) ) 


(d) (a>b) ? Math.max(a, c) : Math.max(b, c) 

*36. Garbage collector frees the programmer from worrying about 
(a) memory leaks (b) dangling references 
(c) creating new objects (d) recursion 


The next four questions are based on the following program. 


class First { 
String varlinFirst = MyClass. throwMeThat ("**I am varlinFirst**") ; 
String var2inFirst = MyClass.throwMeThat("**I am var2inFirst**") ; 
public First() {MyClass.throwMeThat ("**I am the constructor in 
class First**") ;} 


} 


class Second extends First { 
String varlinSecond = MyClass. throwMeThat ("**I am varlinSecond**") ; 
String var2inSecond; 
public Second() { MyClass. throwMeThat("**I am the constructor in 
class Second**") ;} 


} 


class Third extends Second { 
String varlinThird; 
{ varlinThird = MyClass. throwMeThat ("**I am varlinThird**"); } 
String var2inThird; 
String var3inThird = MyClass.throwMeThat ("**I am var3inThird**") ; 


public Third() { 
MyClass.throwMeThat ("**I am the constructor in class Third**") ; 
var2inThird = MyClass.throwMeThat ("I am var2inThird**") ; 
var2inSecond = MyClass.throwMeThat ("I am var2inSecond**") ; 


} 
} 


public class MyClass { 
static String throwMeThat (String myString) { 
System. out.print (myString) ; 
return myString; 


} 


public static void main(String[] args) { 
new First(); // Statement A 
} 
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37. What is the output of this program? 
(a) **I am the constructor in class First** 
(b) **I am varlinFirst****I am var2inFirst** 
(c) **I am varlinFirst****I am var2inFirst****I am the 
constructor in class First** 
(d) Nothing is printed 
38. Replace Statement A, by the statement, new Second(); 
Choose the correct statement(s). 
(a) **I am varlinSecond** will be printed after **I am varlinFirst** 
is printed. 
(b) **I am varlinFirst** will be printed after **I am varlinSecond** is 
printed. 
(c) **I am the constructor in class First** will be printed after 
**T am the constructor in class Second** is printed. 
(d) **I am the constructor in class Second** will be printed after 
**T am the constructor in class First** is printed. 
39. Replace Statement A, by the statement, new Third(); 
Choose the correct statement(s). 
(a) **I am varlinFirst** will be printed before **I am varlinThird** 
is printed. 
(b) **I am varlinFirst** will be printed after **I am varlinThird** is 
printed. 
(c) **I am the constructor in class First** will be printed before 
**T am the constructor in class Third** is printed. 
(d) **I am the constructor in class First** will be printed after 
**T am the constructor in class Third** is printed. 
*40. Which of the class definitions has/have initialization block? 


(a) First (b) Second (c) Third (d) MyClass 
41. The keywords- try, catch, and finally, are typically used in the sequence 

(a) try, catch, finally (b) finally, try, catch 

(c) catch, try, finally (d) try, finally, catch 


*42. What does the following program output? 


public class TestFirstApp { 
public int i; 
public TestFirstApp() { 
System.out.print ("**" 4 J POTRATE) a 
1=6; 


} 

{System.out.print("**" + i + "**"); 1=10; } 

public static void main(String[] args) { 
TestFirstApp myObj = new TestFirstApp(); 
System. out.print("**" + myObj.i + "**"); 
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43. 


44, 


45. 


46. 


*47. 


48. 


49. 
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K* KKKK KkKK*K kxk k* KK*K*K KKK* kk 
(a) **6 10 0 (b)**6 0 10 
K* K*KKK KKKK k*k K* KK*K*K KKKK k*k 
(c) **0 6 10 (d)**0 10 6 
What expression should go into the black box for the method call to be syntactically 
correct? 


public class TestFirstApp { 
public int doIt(int[] i) { 
return i[1]; 
} 


public static void main(String[] args) { 
TestFirstApp myObj = new TestFirstApp( ); 
System.out.print( myObj.dolt ( ) ); 


} 
} 
(a) [] (int) {11,12} (b) new int[] {11,12} 
(c) (int[]) {11,12} (d) int[] {11,12} 


Automatic conversion from primitive type to an object of the corresponding wrapper 
class is called 


(a) coercing (b) casting (c) boxing (d) widening 
Consider the condition, 
(m>=5) || (n!=m) 
How will you rewrite this condition if Java doesn’t have the | | operator? 
(a) !((m<5) && (n==m)) (b) (m<5) && (n==m) 
(c) (m<5) || (n==m) (d) None of these 


The fact that any program can print using System. out.print, implies that 
(a) System is defined in the package java.lang 
(b) System is a class name 
(c) out is an object 
(d) print is a method 
Which of the following are valid identifiers? 
(a) SABC (b) (5 consecutive underscores) 
(c) main (d) protected 
The program fragment 

int x=1, m=0; 

for( ; m<10 ; ++m) 

x = xX+x; 

System. out.print (x); 
prints 
(a) 1024 (b) 512 (c) 2048 (d) 10 
Elements of an array have the same 
(a) index (b) value (c) datatype (d) scope 


*50. 


51. 


52. 


*53. 


*54, 
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What does the following program output? 
public class TestFirstApp { 
void doIt( ) { 
System. out.println("Hi"); 
dolt(); 
} 
public static void main(String[] args) { 
TestFirstApp wer = new TestFirstApp(); 
wer.dolIt(); 


} 


(a) It results in a syntax error. 

(b) It prints Hi many times and terminates in a fatal error. 

(c) It prints Hi once. 

(d) It keeps on printing Hi 

Which of the following declarations is/are correct? 

(a) public abstract class MyClass { public abstract void doIt() ; } 
(b) public abstract class MyClass { public abstract void doIt() {} } 
(c) public class abstract MyClass { public abstract void doIt() {} } 
(d) abstract public class MyClass { public abstract void doIt() ; } 
The following program 


public class TestFirstApp { 
public static void main(String[] args) { 
int[][] wer = new int[][] {{1, 5}, {6, 8}}; 
System. out.println(wer[1] [1]); 


} 
} 
(a) results in a compilation error (b) results in an exception 
(c) prints 8 (d) prints 5 
Which of the following doesn’t have a superclass? 
(a) System (b) Object (c) Lang (d) Exception 


What is the output of the following program? 
public class TestFirstApp { 
public static void main(String[] args) { 
int a=1, b=2, c=3; 
a = b= a = 3; 
System. out.printin(a) ; 


(a) 1 (b) 2 (c) 3 (d) 0 
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55. Which of the following are widely accepted naming conventions in Java? 
(a) Class names start with an upper case. 
(b) Object names start with an upper case. 
(c) Variables that are declared final are typed in all upper case. 
(d) Class names start with a lower case. 
*56. What is the output of the following program? 
public class TestFirstApp { 


public static void main(String[] args) { 
boolean a=false, b=false; 


if (! a&&a) 
System. out.printin(4); 


else 
System. out.printin(5); 
} 
} 
(a) 5 (b) 4 
(c) Compilation error (d) None of these 


*57. The following program 


public class TestFirstApp { 
public static void main(String[] args) { 
byte a = (byte) 128; 
System.out.printin(a) ; 


} 
} 
(a) prints 128 (b) prints 0 
(c) prints 127 (d) None of these 
58. A class variable is a variable that is declared inside a class as 
(a) final (b) static (c) abstract (d) extends 
*59. The statements 
double whatIsThis = -1.0/Double.POSITIVE INFINITY; 
System.out.printlin(whatIsThis) ; 
(a) results in compilation error (b) results in an overflow error 
(c) prints -Infinity (d) prints -0.0 
60. Which of the following three statements results in compilation error? 
int ml = (short) 2.3; // Statement 1 
short m2 = (int) 2.3; // Statement 2 
byte m3 = (int) 2.3; // Statement 3 
(a) Statement 1 (b) Statement 2 


(c) Statement 3 (d) None of these 
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61. Constants that cannot be changed are declared using the keyword 


(a) final (b) static (c) abstract (d) immutable 
62. The statement 

System. out.printin(Math.ceil(12.3) - Math.floor(3.9)); 

(a) prints 8.4 (b) prints 8.0 (c) prints 10.0 (d) prints 9.0 


*63. The statements 
byte var = ~34; 
System.out.printlin(var); 


(a) prints 93 (b) prints —94 (c) prints —35 (d) prints —33 
64. It is typical to start a method name with 

(a) anoun (b) an uppercase alphabet 

(c) a verb (d) a lowercase alphabet 


*65. What does the following program output? 


public class TestFirstApp { 
public static void main(String[] args) { 
int count = 0; 
for (int var = 0; var < 1000; var = var + 1) 
{ 
if (var % 3 == 1) 
count++; 
var = vart3; 
} 


System. out.print (count); 


} 


(a) 83 (b) 249 (c) 82 (d) 250 
*66. What is the output of the following program? 
public class TestFirstApp { 


public static void main(String[] args) { 
int a=1, b=13; 


if ( (b<(a=ata))|| (b<(a=ata)) || (b<(a=ata)) 
|| (b<(a=ata)) || (b<(a=a+a))) 
System.out.printin(b-a); 
else 


System. out.printin(b+a) ; 
} 


(a) Compilation error (b) 14 
(c) 16 (d) None of these 
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*67. What is the output of the following program? 


public class TestFirstApp { 
public static void main(String[] args) { 
labell: for (int i=0; i<5; ++i) 
label2: for (int j=0; j<3; ++j) { 
if (4<=i) { 
System. out.print (j); 
continue labell; 


} 


else 
break label2; 
} 
} 
} 
(a) 00000 (b) 012012012012012 
(c) Nothing will be printed (d) None of these 
*68. The Java language is 

(a) case sensitive (b) case insensitive 
(c) strongly-typed (d) weakly-typed 


The next six questions are based on the following program. 


public class TestFirstApp { 
static: intl] wer =: {2,- 35. Dy 7). Se Ad, 13). 15 LT}? 
public static int doThis(int low, int high, int inpValue) 
{ 
int mid = (low + high) / 2; 
if (low > high) 
return low; 
else if (wer[mid] < inpValue) 
return doThis(mid + 1, high, inpValue); 
else if (wer[mid] > inpValue) 
return doThis(low, mid - 1, inpValue); 


else 
return mid; 
} 
public static void main(String[] args) { 
System. out.println(doThis(0, 8, 11)); // Statement A 


} 


*69. What is the output of this program? 
(a) 4 (b) 5 (c) 6 (d) 7 
*70. What will be the output of this program if Statement A, is replaced by the statement 
System.out.println(doThis(0, 8, 6 )); 
(a) 4 (b) 2 
(c) 3 (d) None of these 


71. 


72. 


73. 


74. 


*75. 


*76. 


77. 


*78. 
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Which of the following comments about this program is/are correct? 

(Assume there is no exception raised and remember that indexing starts at 0.) 

(a) It outputs the index of the third argument (if it is present in the array wer) that is 
passed to the doThis function. 


(b) It outputs the number of elements in the array wer that are less than the third argu- 
ment that is passed to the doThis function. 


(c) It outputs the number of elements in the array wer that are less than or equal to the 
third argument that is passed to the doThis function. 


(d) It outputs a predictable value if the third argument that is passed to the doThis 
function is not present in the array wer. 


Which of the following is/are assumption(s) made by this program? 

(a) The elements of the array wer are sorted in ascending order. 

(b) The elements of the array wer are sorted in descending order. 

(c) The array wer has even number of elements. 

(d) The array wer has odd number of elements. 

What will be the output of this program if Statement A, is replaced by the statement 
System.out.println(doThis(0, 8, 200)); 

(a) 7 (b) 8 

(c) 9 (d) Results in an exception. 

What will be the output of the program if Statement A, is replaced by the statement 
System.out.println(doThis(2, 6, 2)); 


(a) 0 (b) 1 

(c) 2 (d) Results in an exception. 
The number of bytes needed to store a number of datatype double is 

(a) compiler dependent (b) JVM dependent 

(c) operating system dependent (d) 8 


The following program 


public class TestFirstApp { 
public static void main(String[] args) { 
int wer = 0123; 
System. out.println (wer); 


} 

} 
outputs 
(a) 123 (b) 0123 
(c) an unpredictable garbage value (d) 83 
Which of the following can be used to copy data from one array to another? 
(a) System.clone (b) java.lang.toCopy 
(c) System.arraycopy (d) java.lang.clone 


Which of the following operators don’t always evaluate all their operands? 


(a) && (b) & (c) ?: (d) || 
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*79, Let Root beaclass. Let Branch bea subclass of Root. Let thisBranch be a Branch 


object. The condition— thisBranch instanceof Root, 
(a) evaluates to true (b) evaluates to false 
(c) results in a compilation error (d) results in an exception 
*80. What do the following statements print? 
int m = 1; 
for ( ; m < 20; m++) 
System. out.print (m*=1+m) 


(a) 21230 (b) 2642 (c) 21220 (d) 212182 


The next two questions are based on the following switch statement. 


switch(m) { 


case 1: System.out.print ("One") ; 

case 2: System.out.print ("Two") ; 

case 3: System.out.print ("Three") ; 

case 4: System.out.print ("Four") ; 

default: System.out.print("It is none of 1, 2, 3, or 4."); 


} 


*81. What is the output if the value of m is 3? 


(a) Three (b) ThreeFourIt is none of 1, 2, 3, or 4. 


(c) Four (d) FourIt is none of 1, 2, 3, or 4. 
82. What is the output if the value of m is 33? 
(a) OneTwoThreeFourIt is none of 1, 2, 3, or 4. 
(b) It is none of 1, 2, 3, or 4. 
(c) Results in compilation error. 
(d) Prints nothing. 
*83. Which of the following parameter passing mode(s) is/are supported by Java? 
(a) Pass by value (b) Pass by reference 


(c) Pass by value-result (d) A mode that depends on the context 


*84. To find the maximum of two given integers a and b, Student A used the expression, 
a>b ? a : b. Student B used the call Math.max (a,b). One of these two students 


got special recognition from the professor. Who is it? 


(a) Student A (b) Student B (c) Both (d) None 
85. The expression, Math.max(m,n), is same as the expression 
(a) -Math.max (-m, -n) (b) -Math.min (m,n) 


(c) Math.min(-m,-n) (d) -Math.min(-m,-n) 
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Consider the following flowchart. 


Print Three 


Print One 


Print Two 


Fig. 5.2 


*86. Which of the following options correctly implement(s) the above flowchart? 


(a) if (a>b) (b) if (a>b) 
if (c>b) System.out.print (“One”); if (c>b) System.out. print (“One”); 
else if (c == a) else if (c == a) 
System. out.print (“Two”); System. out.print (“Two”); 
else else 
System. out.print (“Three”); System. out.print (“Four”); 
else else 
System. out.print (“Four”); System. out.print (“Three”); 
(c) if (a>b) (d) if (a>b) 
if (c>b) System.out.print (“One”); if (c>b) System. out.print (“One”); 
else if (c == a) else if (c == a) 
System. out.print (“Two”); System. out.print (“Two”); 
else if else if 
System. out.print (“Three”); System. out.print (“Four”); 
else else 
System.out.print (“Four”); System. out.print (“Three”); 


*87. Which of the following activities has the potential to throw a checked Exception? 
(a) Accessing an array (b) Dividing a number by another 
(c) Opening a file (d) All of these 


88. A method is not working as expected. As part of the debugging process, I want to check 
if a specific condition is met at a particular point, irrespective of how the execution 
reached that point. What language feature should I use? 


(a) assert (b) validate (c) isThisTrue (d) check 
89. To promote encapsulation, Java provides an access modifier of type 
(a) public (b) private (c) protected (d) noneofthese 
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*90. Which of the following is/are NOT output by the following program? 
public class TestFirstApp { 
public boolean i; 
public TestFirstApp() { 


if (i== true) System.out.print ("Sunday") ; 
else System.out.print ("Monday") ; 
i=false; 

} 

{ 
if (i == true) System.out.print ("Tuesday"); 
else System.out.print ("Wednesday"); 
i = true; 

} 


public static void main(String[] args) { 
TestFirstApp myObj = new TestFirstApp(); 
if (myObj.i == true) System.out.print ("Thursday" 
else System.out.print ("Friday") ; 


} 
(a) Sunday (b) Monday (c) Tuesday (d) Wednesday 
The next five questions are based on the following incomplete program. 


public class TestFirstApp { 

public static void main(String[] args) { 
int d=0; 
for(int a=1; a<11; ++a) 

for(int b=1; b<11; ++b) 
for(int c=1; c<11; ++c) 
Body of the for loop 

System. out.print (d); 


} 
} 
*91, What is the output of this program if the body of the for loop is the statement 
d = dtl; 
(a) 30 (b) 33 (c) 1000 (d) 60 
92. What is the output of this program if the body of the for loop is the if/else 
statement? 
if ((a%3) == 0) 
d = d-l; 
else 
d = dtl; 
(a) 700 (b) 400 (c) 300 (d) 500 
*93, What is the output of this program if the body of the for loop is the if statement 
if ( ((a%2) == 0) && ((b%3) == 0) && ((c%4) == 0) ) 
d = d+1; 


(a) 30 (b) 15 (c) 666 (d) 680 
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*94, What is the output of this program if the body of the for loop is the if statement 
if ( ((a%2) != 0) || ((b%3) != 0) || ((c%4) != 0) ) 
d = d+1; 
(a) 1000 (b) 970 (c) 666 (d) 680 
*95, What is the output of this program if the body of the for loop is the if statement 
if ( ((a+tb+c)%3) == 0 ) 
d = d+1; 
(a) 81 (b) 334 (c) 412 (d) 27 
*96. How much of storage does a character (represented in Unicode) need? 
(a) 1 byte (b) 4 bytes (c) 3 bytes (d) 2 bytes 
*97. Which of the following calls find the minimum of three given integers, a, b, and c? 
(a) Math.min( -Math.max(-a, -b), -Math.max(-a, -c) ) 
(b) Math.min( -Math.max(-a, -b), -Math.max(-b, -c) ) 
(c) -Math.max( -a, Math.max(-b, -c) ) 
(d) (a<b) ? Math.min(b, c) : Math.min(a, c) 
*98. Consider the following program. 
public class TestFirstApp { 
public boolean abc; 
public static void main(String[] args) { 
TestFirstApp myObj = new TestFirstApp() ; 
System. out.printin(myObj.abc) ; 
} 
} 
What does this program output? 
(a) Outputs true. (b) Outputs the number 1. 
(c) Results in compilation error. (d) Outputs false. 
*99, Which of the following is/are syntactically correct? 
(a) int[ ] wer; (b) int wer[ ]; (c) wer[int]; (d) All of these 


The next four questions are based on the following program. 


class Abcd { 


public Abcd() {System. out.print ("One") ; } // Statement A 
public Abcd(int i) {System.out.print("Two");} // Statement B 
} 
class Fghj extends Abcd{ 
public Fghj() {System. out.print ("Three") ; } // Statement C 
public Fghj (int i) {System. out.print("Four");} // Statement D 


} 


public class TestFirstApp { 


public static void main(String[] args) { 
new Fghj( ); 
System.out.print(args.length); // Statement E 
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*100. Removal of which of these statement(s) will result in a compilation error? 
(a) Statement A only (b) Statements B, C, and D 
(c) Statement C only (d) Statements A, B, and D 
101. The name of the file that contains this program 
(a) is Abcd.java 
(b) is Abcd.class 
(c) is TestFirstApp.java 
(d) could be any user-chosen name with the .class extension 
*102. If this program is invoked from the command line as 
java TestFirstApp Is Successful 


Statement E will output 


(a) 1 (b) 2 (c) 3 (d) 4 
*103. Which of these classes does NOT have a superclass? 

(a) Abcd (b) Fghj 

(c) TestFirstApp (d) None of these 


*104. What is the output of the following program? 


public class TestFirstApp { 
public static void main(String[] args) { 
int a=12, b=7, c=3; 
System.out.printin(a % b % c); 


} 
(a) 2 (b) 1 (c) 0 (d) 4 


The next two questions are based on the following incomplete program. 
class Abcd { 
Tt Bost p37 
public Abcd() { iii 


public Abcd(int a, int b) {i=a; Jj=b; } 


} 
public class TestFirstApp extends Abcd{ 
public static void main(String[] args) { 
TestFirstApp myObj = new TestFirstApp(); 
System. out.print (myObj.i); 


} 
105. What statement(s) could go into the black box if this program prints 11? 
(a) i=11; (b) this (uy 22); 
(c) this(11); (d) super(11, 22); 
*106. Assume that the black box has the statement, i=11;. What is the output if the statement 
TestFirstApp myObj = new TestFirstApp(); 
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is replaced by the statement 


TestFirstApp myObj = new TestFirstApp (2,3); 
(a) 2 (b) 3 (c) 11 (d) None ofthese 
107. Which of the following access specifiers is usually used with inheritance? 
(a) public (b) private (c) protected (d) package 
*108. The statements 
byte varl = -10, var2 = -22; 
System.out.printlin(varl & var2); 
(a) prints —30 (b) prints 220 (c) prints -31 (d) prints -32 


*109. What does the following program output? 


public class TestFirstApp { 
public static void main(String[] args) { 


int count = 0; 
for (int var = 0; var < 1000; var = var + 1) 
{ 
if (var % 3 == 1) 
var = vart+3; 
count++; 
} 
System. out.print (count) ; 
} 
} 
(a) 250 (b) 500 (c) 167 (d) 175 


The next seven questions are based on the following program. 


public class TestFirstApp { 
public int doThis(int inp) 
{ 
intl] wer = 42; 37.37 Je Tr Te sp 3y 17, 3,3). 3). 357 
int curCount = 0, curMax = 0; 
boolean inBlock = false; // Statement A 
for (int i=0; i < wer.length; i++) 
{ 


if (wer[i] == inp) 


inBlock = true; // Statement B 
curCount++; 
continue; // Statement C 


else 


if (inBlock) 
{ 
if (curCount > curMax) 
{ 
curMax = curCount; 
curCount = 0; 
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inBlock = false; // Statement D 
continue; // Statement E 
} 
else 
{ 
inBlock = false; // Statement F 
curCount = 0; // Statement G 
continue; // Statement H 
} 
} 
} 
} 
return curMax; // Statement I 


} 
public static void main(String[] args) { 
TestFirstApp wer = new TestFirstApp(); 
System. out.printin(wer.doThis(13)); // Statement J 


110. What is the output of this program? 
(a) 0 (b) 1 (c) 7 (d) 6 
111. What is the output if the call wer.doThis(13) inStatement J, is replaced by 
the call wer.doThis (7)? 
(a) 0 (b) 6 (c) 5 (d) 3 
*112. This program is a student’s response to the question: 
“For a given array of integers and a given integer m, write a Java program that counts 
and displays the largest number of m’s that appear together.” 
However, the student’s response doesn’t give the correct output for certain value(s) of 
m. For which of the following values of m does the program give an incorrect output? 
(The student used the variable inp to refer to m.) 
(a) 2 (b) 13 (c) 3 (d) 15 
*113. Which one of the following statements needs to be changed so that the program gives 
the correct output for any valid input? 
(a) Statement A (b) Statement I (c) Statement D (d) Statement B 


*114. What is the output if the call wer.doThis(13) in Statement J, is replaced by 
the call wer.doThis (2.9)? 


(a) 1 
(b) 4 
(c) The program will not compile successfully. 
(d) The program will raise an exception. 
115. Which of the following statements are not necessary? 
(a) Statement E (b) Statement B (c) Statement C (d) Statement D 


*116. 


117. 


*118. 


*119. 


*120. 
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Which of the following statements are not necessary? 


(a) Statement I (b) Statement G (c) Statement H (d) Statement F 
Which of the following operators act on only integer operands? 
(a) << (b) >>> 
(c) & (bitwise AND) (d) No such operator exists in Java. 
Consider the following program fragment. 

if (a>b) 

System.out.printin("Statement 1"); 
else 


System.out.println("Statement 2") ; 

System.out.printin("Statement 3"); 
Statement 3 will be printed if 
(a) a>b (b) a<b 
(c) a==b (d) None of these 
An interactive program asks the question—‘‘Are you right-handed, left-handed, or 
ambidextrous? Type R if right-handed, L if left-handed, A if ambidextrous.” The part 
of the program (written by student A) that does the appropriate action depending on 
the user’s response, is given below. 

if (response == 'A') // condition 1 
doThisForAmbidextrous( ); 
else if (response == 'R') // condition 2 
doThisForRightHanded( ); 
else if (response == 'L') // condition 3 
doThisForLeftHanded( ); 
Student B did the same thing but checked the conditions in the order—condition 3, 
condition 2, and condition 1. 
Student C did the same thing but checked the conditions in the order—condition 2, 
condition 3, and condition 1. 
Student D did the same thing but checked the conditions in the order—condition 2, 
condition 1, and condition 3. 
One of these four students got special recognition from the professor for the order in 
which the student checked the conditions. Who is that student? 
(a) Student A (b) Student B (c) Student C (d) Student D 
Consider the following statement. 
System.out.print( Math.round(Math.random()) ); 

This statement was executed 15 times. The first 14 executions printed 0, 1, 0, 1, 0, 1, 
0, 1, 0, 1, 0, 1, 0, 1. What did the 15th execution print? 
(a) Most likely 0 
(b) Most likely 1 
(c) An unpredictable value which is either 0 or 1 
(d) Any non-negative integer 
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*121. How many #’s does the following for loop output? 


for(int m=0, n=100; n-m > 30; ++m, --n) 
System. out.print ("#") ; 
(a) 34 (b) 35 (c) 70 (d) 72 


*122. The expression 
(int) Math.floor(m + 0.5) 
is mathematically equivalent to 
(a) (int) Math.floor(m - 0.5) (b) (int) Math.ceil(m + 0.5) 
(c) Math. round (m) (d) None of these 


The next two questions are based on the following program. 


class First { 
String varlinFirst 
String var2inFirst 


MyClass. throwMeThat ("**I am varlinFirst**") ; 
MyClass. throwMeThat ("**I am var2inFirst**") ; 


public First() {MyClass.throwMeThat("**I am the constructor in class First**") ;} 
public First(int i) {MyClass.throwMeThat("**I am the l-arg constructor in class 
First**") ; } 


} 


class Second extends First { 
String varlinSecond = MyClass. throwMeThat("**I am varlinSecond**") ; 
String var2inSecond; 


public Second() { MyClass.throwMeThat("**I am the constructor in class Second**") ; } 
public Second(int i) { MyClass.throwMeThat("**I am the l-arg constructor in class 
Second**") ;} 


} 


public class MyClass { 
static String throwMeThat (String myString) { 
System.out.printin(myString) ; 
return myString; 


} 


public static void main(String[] args) { 
new Second(5); 
} 


} 


*123. Which of the following will not appear in the output? 
(a) **I am the constructor in class First** 
(b) **I am the l-arg constructor in class First** 


(c) **I am the l-arg constructor in class Second** 
(d) **I am the constructor in class Second** 
124. Choose the correct statement(s). 

(a) **I am var2inFirst** will be printed before **I am varlinFirst** is 
printed. 

(b) **I am var2inFirst** will be printed after **I am varlinFirst** is 
printed. 

(c) **I am varlinSecond** will be printed after **I am the l-arg 
constructor in class Second** is printed. 


(d) **I am varlinSecond** will be printed before **I am the l-arg 
constructor in class Second** is printed. 
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125. Which of the following code correctly implement(s) the following flowchart? 


Print One False <P> False x>y False a<=b 


Fig. 5.3 

(a) if (a>b) (b) if (a>b) 

if (x<=y) if (x<y) 

if (m == n) if (m!=n) 

System.out.print (“One”); System.out.print (“One”); 
(c) if (a>b) (d) if (a>b) 

if (x<=y) if (x<=y) 

System.out.print (“One”); if (m!=n) 

else null; System. out.print (“One”); 

126. Which of the following keywords is used to declare exceptions that can possibly occur? 

(a) handle (b) throws (c) checked (d) manage 


The next two questions are based on the following program fragment. 


( 
if (x%2 == 0) // Statement A 
x = x+x; // Statement B 


x = x-x; // Statement C 
System. out.print (x); 


127. This program outputs 


(a) 0 (b) 1 
(c) 512 (d) None of these 
128. What will be the output if the condition in Statement A, is replaced by the condi- 
tion, x2 != 0? 
(a) 512 (b) 1 
(c) 0 (d) None of these 


*129. Which of the following types of exceptions must be declared by a piece of code that 
has the potential to throw such a type of exception? 


(a) Checked exceptions (b) Unchecked exceptions 
(c) Runtime exceptions (d) All of these 

130. What does the following program fragment do to the two-dimensional matrix x? 
tne eS: 4 +h 2374). 147372 LF Bor T8790 be Arron FS 


for(int i=0O ; i<4 ; ++i) 
for (int j=0; j<4 ; ++j) 
x[i]l[j] = x[j] fil; 
(a) Transposes it. (b) Makes it a symmetric matrix. 
(c) Leaves it unchanged. (d) Inverts it. 
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131. The finalize method is declared with the access specifier 
(a) public (b) private (c) protected (d) package 


The next three questions are based on the following incomplete program. 


class First { 
public int x; 
private int y; 
int k; 
protected int z; 


class Second extends First { 
protected int a; 
private int b; 
public void doIt( ) { 
//Statement A; 
} 


class Third extends Second { 
private int q; 
public void doIt( ) { 
//Statement B 
} 
} 


public class MyClass { 
public static void main(String[] args) { 
Third myThird = new Third() ; 


} 
} 
*132. Which of the following can be Statement A? 
(a) a=b; (b) a=y; (c) a=x; (d) a=k; 
133. Which of the following can be Statement B? 
(a) q=a; (b) a=q; (c) a=y; (d) a=k; 
134. Which of the following member variables is/are not accessible in class Third? 
(a) y (b) b (c) k (d) z 


The next two questions are based on the following function. 

int findMax(int x, int y) { 

return (x>y)? X : y; 
} 

135. Which of the following calls find the maximum of the three integers a, b, c? 

(a) findMax (findMax(a,b), findMax(a,c)) 
(b) findMax(a, findMax(a,c) ) 
(c) findMax (findMax (a,b), findMax(b,c)) 


( 
( 
( 
(d) findMax(b, findMax(a,c)) 
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Which of the following calls find the minimum of the three integers a, b, c? 
(a) -findMax (findMax (-a,-b), findMax(-a,-c)) 

(b) findMax (-a, findMax(-a,-c)) 

(c) -findMax (findMax (-a,-b), findMax(-b,-c)) 

(d) -findMax(-b, -findMax (-a,-c)) 

Which of the following declaration of a local variable is invalid? 

(a) final int a; (b) static int a; 

(c) Integer a; (d) long a; 


The following program 


public class TestFirstApp { 
public static void main(String[] args) { 
int wer = 0x123; 
System. out.printin (wer); 


} 
} 
outputs 
(a) 123 (b) 0123 
(c) an unpredictable garbage value (d) 291 


Which is true of constructors? 

(a) They have the same name as the class. 

(b) They have no return type. 

(c) They can take a parameter that is of the same class type. 
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(d) If no constructor is defined for a class, the compiler supplies a default constructor. 


What is the output of the following program? 


public class TestFirstApp { 
public static void main(String[] args) { 
System.out.printin((1==2) ? (7 == 7 
} 


} 
(a) 4 (b) 5 (c) 6 (d) 1 
Choose the correct statement(s). 
(a) Interface class cannot be instantiated. 
(b) Interface class can contain methods that are not implemented. 
(c) Interface class can contain methods that are implemented. 
(d) Abstract class can contain methods that are implemented. 


The statement 


System.out.println(“This is what you see: “ + 1 + 2); 


(a) is ambiguous 
(b) prints, This is what you see: 12 
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(c) prints, This is what you see: 3 
(d) None of these 


The next three questions are based on the following incomplete program. 


public class TestFirstApp { 
public static int magic(int m, int n) { 


if (n == 0) return m; 
else if (m == 0) return n; 
else 


return magic(m-1, n-1); 
public static void main(String[] args) { 
Statement A 


} 
} 

143. The recursive function magic gets into an infinite loop if 

(a) m is positive and n is negative (b) m is negative and n is positive 

(c) m is positive and n is positive (d) m is negative and n is negative 
144. The recursive function magic returns a negative integer if 

(a) m is positive and n is negative (b) m is negative and n is positive 

(c) m is positive and n is positive (d) m is negative and n is negative 


145. Choose the correct statement(s). 
If Statement A is 


(a) System.out.print (TestFirstApp.magic(2000, 1000) ) ;, this program 
outputs 2000 


(b) System. out.print (TestFirstApp.magic(500, 500));, this program 
outputs 0 

(c) System. out.print (TestFirstApp.magic(-500, 500)),;, this program 
outputs 1000 

(d) System. out.print (TestFirstApp.magic(1000, -2000));, this program 
outputs -3000 

146. Which of the following conclusions cannot be true if A extends B is syntactically 
correct in a program? 
(a) A is a class and B is a class (b) A is a class and B is an interface 


(c) A is an interface and B is an interface (d) A is an interface and B is a class 
147. What does the following program fragment do to the two-dimensional matrix x? 

inti X { {1,2,3,4}, {4,3,2,1}, {6,7,8,9}, {1,3,5,7} }; 

for(int i=0 ; i<4 ; ++i) 

for (int j j<4 ; ++j) 

if (i== 
x[i] 
else 
oo ls ee 


I oO fl 


0; 
j) 
[j] = 1; 


148. 


149. 
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(a) Transposes it. (b) Makes it a unit matrix. 

(c) Leaves it unchanged. (d) Inverts it. 

Which of the following packages needs to be imported to use the StringTokenizer 
class? 

(a) java.io (b) java.util (c) java.lang (d) java.net 
Which of the following represents the range of values that a variable of datatype byte 
can take? 


(a) —128 to +127 (b) —127 to +128 
(c) —128 to +128 (d) The range depends on the JVM 
What is the output of the following program? 


public class TestFirstApp { 
public static void main(String[] args) { 
int a=1, b=2; 


if ( (a==3)&& (b==(b=3)) ) 
else 
System. out.println(b) ; 
} 
} 
(a) 0 (b) 1 (c) 2 (d) 3 
Which of the following are standard stream objects? 
(a) pipe (b) out (c) err (d) buff 
The statements 
byte varl = -51, var2 = -28; 
System.out.printlin(varl & var2); 
(a) prints —39 (b) prints 0 (c) prints —60 (d) prints —79 


The following program 
public class TestFirstApp { 
public static void main(String[] args) { 


int m=1; 
if (m) 
System.out.printin(m) ; 
} 
} 
(a) prints 4 (b) prints 0 
(c) prints m (d) results in compilation error 


Which of the following control structures would you be using if the switch statement 
is not available in Java? 
Assume each case ends with the break statement. 


(a) if/else if (b) if/else (c) while (d) do 
The statements 
int a = (int)3.9; 


System.out.printin(a); 
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(a) prints 3.9 (b) prints 4 
(c) prints 3 (d) results in compilation error 
The statements 
int[ ] wer = {1, 5, 6}; // Statement 1 
int m=1; // Statement 2 
wer[m++]++; // Statement 3 
System. out.println("" + wer[0] + wer[1] + wer[2]); 
(a) will not compile successfully because there is a syntax error in Statement 3 
(b) will compile successfully but raises an exception 
(c) prints 156 
(d) prints 166 
Which of the following repository is used by the runtime system to identify the correct 
exception handler when an exception is thrown? 
(a) Profile stack (b) Call stack (c) Activation record (d) Call history 
Consider the following incomplete program. 
public class TestFirstApp { 


public static void main(String[] args) { 
for (int j = 1; j < 6; j++) 


for (int k = 1; k BBR; k++) 
System.out.print(j +" "); 
System.out.printin(); 
} 
} 
} 
What should go into the black box if the desired output is 
1 
2 2 
3°. 33 
4444 
De D Or 95 
(a) <= j (b) <j (c) ==j (d) >j 
Let a and b be two positive integers. Which of the following correctly relates a and b? 
(a) b=(a%b)*bt+a/b (b) a=(a%b)*bt+a/b 
(c) a=(a/b)*b+a%b (d) b=(a/b)*b+ta%b 
Which of the following methods neither takes any parameter nor returns anything? 
(a) constructor (b) catch 


(c) finalize (d) None of these 
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*161. What is the output of the following program? 
public class TestFirstApp { 
public void dolt(int m, int n) { 

int k; 
k=m; 
m=n; 
n=k; 
System. out.print (m); 
return; 


} 
public static void main(String[] args) { 
int m=3, n=5; 
TestFirstApp myObj = new TestFirstApp(); 
myObj.dolt (m,n); 
System. out.print (m); 


} 


(a) 33 (b) 53 (c) 35 (d) 55 
The next two questions are based on the following program fragment. 
if (a>b) 
if (b>c) 
if (a<=c) 


System. out.println("Statement 1") ; 
else System. out.printin("Statement 2"); 


*162. Statement 1 will be printed if 


(a) a>b and a<c (b) b<=c and a<=b and a<c 
(c) a>bandb <= c (d) It will never be printed. 
*163. None of the statements will be printed if 
(a) a<b (b) a>b and b==c 
(c) a==b and b>c (d) a==b and b==c 
164. Which of the following packages is imported by default? 
(a) java.lang (b) java.io (c) java.math (d) java.text 
165. What expression should go into the black box if the following incomplete program 
outputs 8? 
public class TestFirstApp { 
int i=5; 
public int doIt(int i) { 
return i+ Ei; 
} 


public static void main(String[] args) { 
TestFirstApp myObj = new TestFirstApp( ); 
System. out.print (myObj.doIt (3)); 


(a) i (b) this.i (c) 5 (d) 3 


190 


166. 


*167. 


168. 


169. 


170. 


MCQs in Computer Science 


Choose the correct statement(s) 

(a) A java source file must have at least one package statement. 

(b) A java source file need not have a package statement but if it does have it must be 
the very first statement. 

(c) If a java source file doesn’t have a package statement it goes into an unnamed 
package. 

(d) A java source file need not have a package statement but if it does have there must 
be only one such statement. 

What is printed by the following program fragment? 


int[] m = new int[10]; 
if (m == null) 

System.out.print("**m is null indeed**") ; 
if (m[3] == 0) 

System.out.print("**m[3] is 0 indeed**") ; 
else 


System.out.print ("**m[3] is null indeed**") ; 


(a) **m is null indeed** 
(b) **m is null indeed****m[3] is null indeed** 
(c) **m[3] is 0 indeed** 
(d) **m is null indeed****m[3] is 0 indeed** 

To avoid name clash at a global level, a developer working at the company — 
reallyFunnyCompany, should name the package funnyPackage, as 


(a) reallyFunnyCompany.com.funnyPackage 

(b) reallyFunnyCompany.FunnyPackage.com 

(c) reallyFunnyCompany@funnyPackage.com 

(d) com.reallyFunnyCompany.funnyPackage 

Overloaded methods can be differentiated on the basis of 

(a) number of parameters (b) types of parameters 

(c) datatypes of the return values (d) names of the methods 

What does the following program fragment do to the two-dimensional matrix x? 
int wer=0; 


int[][] x = { {1,2,3,4}, {4,3,2,1}, {6,7,8,9}, {1,3,5,7} }; 
for(int i=0 ; i<4 ; ++i) 
for (int j=0; j<4 ; ++ļ) 
if (i<j) 4 
wer = x[i] [j]; 
x[i] [j] = x[j] [il]; 
x[j] [i] = wer; 
(a) Transposes it. (b) Makes it a symmetric matrix. 


(c) Leaves it unchanged. (d) Inverts it. 
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171. Which of the following can be used to generate HTML documentation from a Java 
source code? 


(a) javadoc (b) javaHtmlDoc 
(c) javac (d) jar 
172. What does the following for loop output? 
for(int i=10, j=l; i>j; --i, ++j) 
System.out.print(j%i); 
(a) 12321 (b) 12345 (c) 11111 (d) 00000 


173. Declaring a class without an access specifier 
(a) is invalid 
(b) makes it accessible only to other classes in the same package 
(c) defaults the access specifier to private 
(d) defaults the access specifier to public 
*174. What does the statement, 
System. out.print (++5); 


print? 
(a) 5 (b) 6 
(c) Results in a runtime error. (d) Results in a compilation error. 


175. The code to initialize an instance variable can appear in the 
(a) class definition (b) constructor (c) initializer block (d) superclass 


The next two questions are based on the following incomplete program. 


public class TestFirstApp { 
public static void main(String[] args) { 
int i- Ms 5-4; 


while((i%j) == 0) { 
isi]: 
j = JL; 
} 
System. out.print (j); 
} 
} 
176. For which of the following values of i will this program print 7? 
(a) 6720 (b) 7720 (c) 8720 (d) 9720 
*177. For which of the following values of i will this program print 10? 
(a) 6720 (b) 67200 (c) 60480 (d) 87200 
178. Assume, in Java, all operators have equal precedence and all operators associate from 
right to left. With these assumptions, the expression 2 * 3 - 9 - 5 * 2 evalu- 
ates to 


(a) -16 (b) 8 (c) -13 (d) 0 
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Consider the following incomplete program. 
public class TestFirstApp { 
public static int magic(int n) { 
if (n > 100) 
return n-10; 


else 


return magic(magic(nt+1l)); 
} 
public static void main(String[] args) { 
System. out.print (TestFirstApp.magic([)); 


} 
} 
For which of the following values in the black box does this program print 91? 
(a) 17 (b) 18 (c) 91 (d) 99 
The following program 


public class TestFirstApp { 
public static void main(String[] args) { 


byte a = (byte) -130; 
byte b = (byte) 130; 
System. out.printlin(a-b) ; 
} 
} 
(a) prints 252 (b) prints 260 (c) prints 253 (d) prints 251 
*181. Consider the following statements. 
final String varl = "Hi There"; 
String var2 = "Hi There"; 
varl = "Hi There"; //Statement 1 
varl = var2; //Statement 2 
varl = varl; //Statement 3 
var2 = varl; //Statement 4 
Which of the above statements results in compilation error? 
(a) Only Statement 1 (b) Only Statement 4 
(c) Only statements | and 2 (d) Statements 1, 2, and 3 
Which of the following operators associate from right to left? 
(a) = (b) + (binary) 
(c) ++ (post-increment) (d) ++ (pre-increment) 


The next two questions are based on the following incomplete program. 


public class TestFirstApp { 


public static void main(String[] args) { 
char ices: tat: 
while (c++ <= 'z') 


System.out.print ( BD); 


*183. 


184. 


*185. 


*186. 


*187. 


*188. 


189. 


190. 


191. 


192. 
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What should go into the black box if the desired output is 

abcdefghijklmnopqrstuvwxyz 
(a) (char) (c-1) (b) c-1 
This program will never terminate if the black box is 
(a) --c (b) c-- 


The statements 


int m=9, n=5, 


System. out.print ( 


(a) prints false 
(c) prints true 


p=3; 


(m 


m/n * 


A break statement cannot be used inside a 


(a) for statement 
(c) labeled block 
The following statements 


String werl = "it"; 
int result = werl.compareTo("Is"); 


if (result < 0) 


System. out.print (werl) ; 


else 


System. out.print ("Is"); 
(b) prints it 


(a) prints Is 


(c) --c 


(c) c-2 


nsp) > (m%sn%p) 
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(d) c-- 


(d) All of these 


Jor 


(b) prints a non-zero value 


(d) prints 0 


(b) switch statement 
(d) none of these 


(c) prints nothing 


The expression, Math. ceil (m), is same as the expression 


(a) -Math. floor (m) 
(c) -Math. floor (-m) 


(a) volatile 
The statement 


System.out.println(2 


(b) pointer 


(a) prints true 
(b) prints false 


(c) will not compile successfully 
(d) will compile successfully but raises an exception 


A method that is declared static can access 


(b) Math. floor (-m) 


(d) prints 1 


(d) -Math.ceil (-m) 
Which of the following is not a keyword in Java? 


(c) super 


(a) member variables of that class that are static or not static 


(d) this 


(b) member variables of that class that are static but not those that are not static 


(c) methods of that class that are static or not static 


(d) methods of that class that are static but not those that are not static 


Consider the following incomplete program. 


public interface MyClass { 


double PI 


3.14; 
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The variable PI is 


(a) public (b) protected (c) static (d) final 
193. Which of the following methods is invoked by the garbage collector? 
(a) destructor (b) constructor (c) finally (d) finalize 


*194. What is the output of the following program? 
public class TestFirstApp { 
public static int magic(int n) { 
if (n == 0) 
return 1; 
else 
return 2 * magic(n-1); 


} 
public static void main(String[] args) { 
System. out.print (TestFirstApp.magic(10)); 
} 
} 
(a) 1024 (b) 20 
(c) 200 (d) Runtime error 
195. Which of the following comments about constructors are true? 
(a) They have the same name as the class in which they are defined. 
(b) They cannot be overloaded. 
(c) The programmer need not supply any constructor. 
(d) They are not members of the class in which they are defined. 
196. Consider the following incomplete program. 
public class TestFirstApp { 
public static void main(String[] args) { 


int[] [] wer = new int[3] [4]; 
for (int row = 0; row < wer.length; row++) 


for (int col = 0; col < wer[0].length; col++) { 
if (row W col) 
wer [row] [col] = 3; 
else if (row If col) 
wer [row] [col] = 2; 
else 
wer [row] [col] = 1; 
} 


} 


What should be in the black boxes if the array wer has the contents { { 2,3, 3,3}, 
{1,2,3,3}, {1,1,2,3}} after the execution of the program? 
(a) == and > (b) < and > (c) > and == (d) < and == 
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197. What is the output of the following program? 
public class TestFirstApp { 
public static void main(String[] args) { 
System. out.printin((1==1) ? (2==6) ? 3: 4: 5); 


} 
} 


(a) 3 (b) 4 

(c) 5 (d) Compilation error. 
198. Which of the following can be declared final? 

(a) A class (b) A method 

(c) A member variable (d) None of these 


*199. What is the output of the following program? 


public class TestFirstApp { 
public static void main(String[] args) { 
int a=6, b=4, c=3; 
System.out.printlin(a % b % a); 


} 
(a) 0 (b) 1 (c) 2 (d) 4 
200. Which of the following are true of abstract classes/methods? 
(a) You cannot create an object of an abstract class. 
(b) A class that has a method that is declared abstract, must itself be declared abstract. 
(c) Static methods cannot be abstract. 
(d) An abstract method has no implementation. 


*201. The statement 
System.out.println(-34 >> 2); 


(a) prints —9 (b) prints 136 (c) prints -136 (d) prints —36 
202. Which of the following methods are defined in the Object class? 
(a) equals (b) finalize (c) toString (d) clone 


203. Consider the following incomplete program. 
public class TestFirstApp { 
public static void main(String[] args) { 
for (int i = 0; i < 5; i++) 


for (int j = 0; j BE, j++) 
if (i == j) 
System.out.print( + " "); 
else if(i < j) 
System.out.print("0 "); 
else 
System.out.print("0 "); 
System.out.printin(); 
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What should go into the black boxes if the desired output is 


10000 

0200 0 

0030 0 

000 4 0 

00005 
(a) <= 4 and i (b) <= 5 and i+l 
(c) <= 4 and itl (d) < 4 and i 


Consider the entities—Quadrilateral, Parallelogram, and Rectangle. To model these 
entities in an object-oriented way, they should be modeled as individual classes such 
that the 
(a) Rectangle class extends the Parallelogram class, and the Parallelogram class extends 
the Quadrilateral class. 
(b) Quadrilateral class extends the Parallelogram class, and the Parallelogram class 
extends the Rectangle class. 
(c) Quadrilateral class extends both the Parallelogram class and the Rectangle class. 
(d) Rectangle class extends both the Parallelogram class and the Quadrilateral class. 
What is the output of the following program? 
public class TestFirstApp { 
public static void main(String[] args) { 
int a=1, b=13; 
if ( (b<(a=at+a))& (b<(a=ata)) & (b<(a=a+a) ) 
& (b<(a=at+a)) & (b<(a=at+a) )) 
System. out.printin(b-a) ; 
else 
System. out.println(b+a) ; 


} 
(a) 45 (b) 11 (c) -19 (d) 15 


The next two questions are based on the following program fragment. 


public class TestFirstApp { 


*206. 


public int doIt (int m, int n) { 
return( (m<n) ? 0 : (m-n)); 
} 


Let a and b be two positive integers. Let myObj be an object of TestFirstApp 
class. The call— 

myObj.doIt(a, myObj.doIt(a, b)) 
finds 
(a) the maximum of a and b (b) positive difference of a and b 
(c) sum of a and b (d) minimum of a and b 
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*207. Let a and b (a + b) be two positive integers. Let myObj be an object of Test Fir- 
stApp class. Which of the following calls finds the positive difference of a and b? 
(a) myObj.doIt(a, myObj.dolIt (a,b) ) 
(b) myObj.doIt(a,b) + myObj.doIt (b,a) 
(c) a + myObj.doIt (a,b) 
(d) b + myObj.doIt (a,b) 

*208. Consider the following incomplete program. 


public class TestFirstApp { 
public void myToLower (char inp) { 
if (inp >= 'A' && inp <= 'Z') 
System. out.print ( M ); 


return; 


} 

public static void main(String[] args) { 
TestFirstApp myObj = new TestFirstApp(); 
myObj .myToLower('D'); 


} 


What should go into the black box if the purpose of the myToLower method is to 
convert a character from uppercase to lowercase? 


(a) (char) inp SAT =- `a! (b) (char) (inp + ‘A’ - `a’) 

(c) (char) inp + ‘a’ - ‘A’ (d) (char) (inp + ‘a’ - ‘A’) 
*209. Which of the following operators have context dependent meaning? 

(a) - (b) ++ (c) & (d) + 
*210. The statement 

Re SH CY: EXX p oxe 

can be replaced by the statement 

(a) x -= y + x ; (b) x -=x - y; 

(o) x -== y- x; (d y -= y-x; 


*211. Ifthe following nested if/else if statement is implemented as a switch state- 
ment, how many cases will be there? Assume ch is an alphabet in lowercase. 


if (ch == 'a') 
System.out.printin("It is a"); 
else if (ch == 'e') 
System.out.printin("It is e"); 
else if (ch == 'i') 
System.out.printin("It is i"); 
else if (ch == 'o') 
System.out.printin("It is o"); 
else if (ch == 'u') 


System.out.printin("It is u"); 
else System.out.printlin("It is a consonant"); 


(a) 4 (b) 5 (c) 6 (d) 7 
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*212. What is the output of the following program? 
public class TestFirstApp { 
public static void main(String[] args) { 
boolean[] ages = new boolean[5]; 
System. out.print (ages[0] == ages[1]); 


} 
(a) Results in compilation error 
(b) Raises the exception NullPointerException 
(c) Prints true 
(d) Prints false 


The next four questions are based on the following program. 


class Abcd { 


int i,j; 
public Abcd() { 
super(); // Statement A 
i=11; // Statement B 


} 


public Abcd(int a, int b) { 
this(); 
i=b; j=a; // Statement C 


} 


class Fghj extends Abcd{ 


int m,n; 
public Fghj() { 
this(4, 8); // Statement D 


} 


public Fghj(int a, int b) {super(b,a) ;} 


} 


public class TestFirstApp extends Fghj{ 


public static void main(String[] args) { 
TestFirstApp myObj = new TestFirstApp( ); 
System.out.print(myObj.i); // Statement E 


} 
*213. What is the output of this program? 
(a) 0 (b) 4 (c) 8 (d) 11 
*214. What does this program print if Statement E is replaced by the statement 
System.out.print (myObj.m); 


(a) 0 (b) 4 (c) 8 (d) 11 
215. Which statement must be removed to make this program print 11? 
(a) Statement A (b) Statement B 


(c) Statement C (d) Statement D 
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*216. What does the program print if the statements B, C, and D are removed? 


(a) 0 (b) 4 (c) 8 (d) 11 
217. The Java compiler generates code in 
(a) assembly language (b) machine language (c) p-code (d) byte code 


218. What expression could go into the black box if the following for loop prints 235711? 
int[] myArr = {2,3,5,7,11}; 


for( int n=myArr.length, m=2*n; m > myArr.length; --m, ntt) 
System. out.print (myArr [| MM |); 

(a) myArr.length/2-mtn (b) (m-n)/2 

(c) (myArr.length-m+tn) /2 (d) (myArr.length+m-n) /2 


The next three questions are based on the following incomplete program. 


public class TestFirstApp { 
public static int magic(int m, int n) { 
if (n == 0) return m; 
return magic(n, m $% n); 
} 
public static void main(String[] args) { 
Statement A 
} 


219. What does this program print if Statement A is 
System.out.print(TestFirstApp.magic(7/7, 252)); 
(a) 1 (b) 2 (c) 7 (d) 77 
*220. This program prints 1 if Statement A is 


(a) System.out.print (TestFirstApp.magic(42, 39)); 
(b) System.out.print (TestFirstApp.magic(42, 55)); 
(c) System.out.print (TestFirstApp.magic(55, 42)); 
(d) System.out.print (TestFirstApp.magic(24, 35)); 


221. What does the recursive function magic do? 
(a) Finds the greatest common divisor of m and n 
(b) Finds the least common multiple of m and n 
(c) Finds the least common divisor of m and n 
(d) Finds the highest common factor of m and n 
222. What is the output of the following program? 


public class TestFirstApp { 
public static void magic(String x, int y) { 


x = x + " Bye"; 
y = y + 2; 

} 

public static void main(String[] args) { 
String wer = "Hi"; 


int m = 12; 
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TestFirstApp.magic(wer, m); 
System. out.print (wer + m); 


(a) Hil4 (b) Hi Byel4 (c) Hi Byel2 (d) Hi12 
What is the output of the following program? 
public class TestFirstApp { 
public static void main(String[] args) { 
int m=45, n=10, p=2; 
System. out.printin(m/n/p) ; 


} 
(a) 2.5 (b) 9 (c) 2.25 (d) 2 
What is the output of the following program? 
public class TestFirstApp { 
public static void main(String[] args) { 
int m=4, n=6; 
System.out.println(m -= m-n); 


} 
(a) 6 (b) 10 (c) 8 (d) 2 
What is the output of the following program? 


public class TestFirstApp { 
public static void main(String[] args) { 
int a = 3; 
System. out.println(++a + ++a * ++a); 


} 
(a) 23 (b) 17 (c) 34 (d) 26 
The statements 


double whatIsThis = 0.0/0.0; 
System. out.printlin(whatIsThis) ; 


(a) results in compilation error (b) prints a garbage value 
(c) prints Infinity (d) none of these 
Which of the following three statements is/are invalid? 
float ml = 2.1; // Statement 1 
double m2 = 2.1; // Statement 2 
long m3 = 2.1; // Statement 3 
(a) Statement 1 (b) Statement 2 (c) Statement 3 (d) Noneof these 
The statements 
byte varl = 51, var2 = 31; 
System.out.printlin(varl ^ var2); 
(a) prints 41 (b) prints -41 (c) prints 1 (d) prints 44 


*229. 


230. 


231. 


*232. 
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The statements 
int[{] werl = {2, 5, 7}; 
int[{] wer2 = {2, 5, 7}; 
if (werl == wer2) 
System. out.println("This 
else 
System. out.println("This 


(a) prints This is not the answer 

(c) prints garbage 

What will be the output of the following program? 
public class TestFirstApp { 


public static void main(String[] args) 
for (int i = 0; i < 6; i++) 
{ 
for (int j = 0; j < 6; j++) 
if (i-e J) 


System.out.print(j-i + " "); 


else 


System.out.print(((j-i > 0) ? i-j 
System. out.println(); 
} 
} 
} 
(ay 054321 (b)0 12345 
1 5432 1 Ted, 2 238s A4 
Z 2° 5). & 3: 32 2 32> 2>.1.22-3 
3» 3°03) AL 3 332-3 ST, 2 
4 4445 4 4 444 4 1 
Devoe NO gor S 40 Ds WD 19S Ds 6B: 5 
()0 00000 (dq 012345 
taii ah de s a 0112344 
2 22 2 BPS OL 2. 8B, 2-3 
3°33 3 3.3 0. dls 2 31-8 32 
4 444 4 4 O 144 4 1 
OHO OR Oe LD, BO Oh Ze LO 5790 
Which of the following operators work with variables but not literals? 


(a) No such operator exists in Java. 
(c) ++ (post-increment) (d) >> 
What does the following statements print? 
int 2=1, J=3, -k; 
t= ig 2) + 
System.out.print 


(a) 7 (b) 9 


k= (i 
(i 


L); 


is the answer"); 


is not the answer"); 


(b) ++ (pre-increment) 


(d) 5 
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(b) prints This is the answer 
(d) None of these 
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*233. Which of the following calls finds the maximum of three given integers, a, b, and c? 


(a) (a-b)>0 ? (b-c)>0 ? b c : (a-c)>0 ? a: c 
(b) (a-b)>0 ? (a-c)>0 ? a c : (b-c)>0 ? b: a 
(c) (a-b)>0 ? (a-c)>0 ? a b : (b-c)>0 ? b: c 
(d) (a-b)>0 ? (a-c)>0 ? a c (b-c)>0 ? bi: c 


*234. The fact that any program can use System. out.print, implies that 
(a) out is declared static (b) out is declared public 
(c) print is declared public (d) print is declared abstract 
*235. What is the output of the following program? 
public class TestFirstApp { 
public static void main(String[] args) { 
labell: for (int i=0; i<5; ++i) 
label2: for (int j=0; j<3; ++J) { 
if (4>i) 
System. out.printin(j); 


else 
break labell; 
} 
} 
} 
(a) 12 (b) 0 
(c) 122 (d) None of these 


The next five questions are based on the following program. 
class Abcd { 


public void printThis() { System.out.printin("In Abcd"); } 
} 
class Fghj extends Abcd { 
public void printThis() { System.out.printin("In Fghj"); } 


} 
public class TestFirstApp extends Fghj { 
public static void main(String[] args) { 
TestFirstApp myObj1l = new TestFirstApp( ); 
Fohj myObj2 = new Fghj( ); 
Abcd myObj3 = new Fghj(); // Statement 1 
Object myObj4 = new Fghj(); // Statement 2 
Fghj myObj5 = new Abcd(); // Statement 3 
myObj1.printThis ( 
myObj2.printThis ( 
( 
( 


; // Statement 4 
; // Statement 5 


; // Statement 6 


myObj3.printThis 
myObj4.printThis 


Yew wy YH 


} 


public void printThis() 
{ System.out.println("In TestFirstApp"); } // Statement 7 


*236. 


*237. 


*238. 


239. 


240. 


241. 


242. 
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The method printThis() is 


(a) overloaded (b) overridden 

(c) both overloaded and overridden (d) none of these 
Which of the following statements is invalid? 

(a) Statement 1 (b) Statement 2 
(c) Statement 3 (d) Statement 4 
Which of the following statements is invalid? 

(a) Statement 5 (b) Statement 6 
(c) Statement 7 (d) None of these 


Which of the following method invocations is/are acceptable? 
(a) ((Abcd)my0Obj4) .printThis(); 
(b) ((TestFirstApp)my0bj4) .printThis(); 
(c) (myObj4.printThis()); 
(d) (í 
Which of the following statements can print, In Fghj? 
(a) ((Abcd)my0bj4).printThis(); (b) myObj2.printThis(); 
(c) myObj3.printThis(); (d) ((Fghj)my0bj4) .printThis(); 
Consider the following incomplete program. 
public class TestFirstApp { 
void doIt1( ) { 
System.out.print ("a") ; 


Statement A 
Statement B 


Fghj)myObj)4) .printThis(); 


} 


void doIt2() { System.out.print("d"); } 
public static void main(String[] args) { 
TestFirstApp wer = new TestFirstApp(); 
System. out.print ("M"); 
wer.doIt1(); 
System. out.print ("m"); 


} 


What should Statement A and Statement B be if the program prints Madam? 
(a) doIt2(); System.out.print (“a”); 
(b) System.out.print(“d”); System.out.print (“a”); 
(c) System.out.print (“a”); System.out.print(“d”); 
(d) doIt2(); doIt2(); 
What does the statement 
import java.util.*; 
import? 
(a) All the classes in the package java.util 
(b) All the methods in the class java.util 
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(c) All the packages starting with java.util 
(d) None of these 
243. What do the statements 
int i=5; 
System.out.print (i++ + ++i); 
print? 
(a) 11 (b) 12 (c) 10 (d) 13 
244. Ifthe member variable of a class is to be shared by all the objects of that class, it should 
be declared 
(a) static (b) final (c) public (d) volatile 
245. Consider the following incomplete program. 
public class TestFirstApp { 
public static int magic(int n) { 
TE. (ni. SS 0) 
return 2; 
else if (n == 1) 


return W ; 


else 


return 2 * magic(n-1) + 4 * magic(n-2); 
} 
public static void main(String[] args) { 
System. out.print (TestFirstApp.magic(4)); 


} 
} 


What should be in the black box if this program outputs 88? 
(a) -1 (b) 0 (c) 1 (d) 2 
246. Choose the correct statement. 
(a) The methods in an interface are public and abstract. 
(b) The methods in an interface are public but not abstract. 
(c) The methods in an interface are not public but abstract. 
(d) The methods in an interface are not public and not abstract. 
*247. The statements 


double varl = 8/3; 
System.out.printlin(varl); 


prints 

(a) 2 (b) 2.0 (c) 3.0 (d) 2.7 
248. Which of the following is a statement that does nothing? 

(a) 1; (b) 151; (c) null; (d) ; 


*249. The following statements 


String varli[]; 
varl = new String[3]; 


*250. 


*251. 


*252. 


253. 


*254. 
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System.out.printlin(varl1[1]); 


prints, 

(a) an empty string (b) null 

(c) 0 (d) a garbage character 
Consider the following four statements. 


String myStringl = "abc"; // Statement 1 
String myString2 = new String("abc"); // Statement 2 
String myString3 = new String(); // Statement 3 


myString3 = "abc"; // Statement 4 
Which of the statements is/are invalid? 
(a) Only statement 2 (b) Only statements 3 and 4 
(c) Only statements 2, 3, and 4 (d) None of these 
What is printed by the following statements? 
int m = -1; 


for ( ; m < 25; m-=1) 


System. out.print (m*=-2); 


(a) 2-48-1632 (b) 2-26-1022-4286 
(c) 2-24-820-4084 (d) 2-24-816-4386 
What does the following program output? 


public class TestFirstApp { 
public static int whitemagic(int m, int n) { 
if (n == 0) return 1; 
else if (m < n) 
return 0; 
else 
return whitemagic(m-1, n) + whitemagic(m-1, n-1); 
} 
public static void main(String[] args) { 
System.out.println(TestFirstApp.whitemagic(3, 2)); 
} 


} 
(a) 1 (b) 2 (c) 3 (d) 7 


The following is a statement in a program that is syntactically and semantically correct. 
abc.def (hij); 
Which of the following must be correct? 


(a) abc is a method (b) abc is a class 
(c) abc is an object (d) def is a method 
Which of the following is/are not keyword(s) in Java? 


(a) integer (b) java (c) Int (d) main 
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*255. What does the following program fragment do to the two-dimensional matrix x? 

int wer=0; 

int[] [] x = { {1,2,3,4}, {4,3,2,1}, {6,7,8,9}, {1,3,5,7} }; 

for(int k=1 ; k<101 ; ++k) 

for(int i=0 ; i<4 ; ++i) 
for (int j=0; j<4 ; ++j) 
if (i<j) { 

wer = x[i] [j]; 
xli] [5] = x[j] [il]; 
x[j] [i] = wer; 


} 
(a) Transposes it. (b) Makes it a symmetric matrix. 
(c) Leaves it unchanged. (d) Inverts it. 
*256. Which of the following comments about the following program is/are correct? 
public class TestFirstApp { 
public static void main(String[] args) { 
for(int i=100; i>0; --i) 
System.out.print(i&1); 


} 
(a) The number of 1’s that are printed is same as the number of 0’s that are printed. 
(b) The number of 0’s in the output is exactly 50. 
(c) The output starts with a 0 and ends with an 1. 
(d) The output starts with an 1 and ends with a 0. 
*257. What do the following statements print? 
int[][] wer = { {1,2,3,4}, {5,6,7} }; 
System.out.print (wer[1][2]); 
(a) 0 (b) Results in runtime error 
(c) 7 (d) Results in compilation error 
*258. Consider the following program. 


public class TestFirstApp { 
public static void main(String[] args) { 


int[ ] wer = {1, 5, 6}; 
int m=0; 
wer [m++-++m] = 7; 
System.out.println(wer[1]); 
} 
} 
This program assigns 
(a) 7 to wer[0] (b) 7 to wer[1] 
(c) 7 to wer[2] (d) None of these 
*259. The statements 
byte var = (byte) OxXxFF; 


System.out.printin(var); 
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prints 
(a) 127 (b) -1 (c) -128 (d) -127 
260. What does the following three statements do to values of the variables m and n? 
m= m + n; 
n=m - n; 
m =m- n; 


(a) They preserve the values of m and n. 

(b) They exchange the values of m and n. 

(c) They find the average of the values of m and n. 
(d) They make the values of m and n, zero. 


The next two questions are based on the following program. 


public class TestFirstApp { 
public static void main(String[] args) { 
int m = -1; 
while (m+1 < 3) 
for ( 7 ; ++m) 


if (m == 1) { 
m = mtl; 
break; 

} 

else { 
mt++; 


System. out.print (m); 
} 


System. out.printin(m); 


} 
*261. What is the output of this program? 
(a) Prints 00 and goes into infinite looping. (b) Prints 002 and terminates. 
(c) Prints 00 and terminates. (d) Prints 02 and terminates. 
*262. What is the output of this program if the condition, m+1 < 3, is replaced by the 
condition m+1 < 4? 
(a) The program goes into infinite looping. (b) Prints 0023 and terminates. 
(c) Prints 002 and terminates. (d) Prints 0233 and terminates. 
*263. Consider the following incomplete program. 
public class TestFirstApp { 
public void myToUpper(char inp) { 
if (inp >= 'a' && inp <= 'z') 


System. out.print ( —_ ); 


return; 
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public static void main(String[] args) { 
TestFirstApp myObj = new TestFirstApp(); 
myObj .myToUpper('d'); 


What should go into the black box if the purpose of the myToUpper method is to 
convert a character from lower case to upper case? 


(a) (char) inp + ‘A’ - ‘a!’ (b) (char) (inp + ‘A’ - `a’) 
(c) (char) inp + ʻa’ - `A! (d) (char) (inp + ‘a’ - `A’) 
*264. How many #’s does the following statement print? 
for(int m=0, n=100; n-m > m-n; ++m, --n) 
System.out.print ("#") ; 
(a) 50 (b) 51 (c) 100 (d) 101 


*265. What is the output of the following program? 
public class TestFirstApp { 
public void dolIt( ) { 
int k=9; 
if (k==9) 
return; 
System. out.print (k++); 


} 
public static void main(String[] args) { 
TestFirstApp myObj = new TestFirstApp( ); 
myObj.doIt( ); 


} 


(a) Results in compilation error (b) Prints 10 
(c) Prints 9 (d) Terminates without printing anything 
*266. Consider the following program. 


public class TestFirstApp { 
public static void main(String[] args) { 
int j=2, 1=89; 
while((i%j) != 0) 
j = j+1; 
if (j<i) 
System.out.print (i); 


} 


This program outputs nothing if the value of i is 
(a) an odd number (b) a composite number 
(c) a prime number (d) a multiple of 11 
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*267. Why was the professor unhappy with the following piece of code? 
String wer = “12345”; 
for(int i=l; i < 1000; ++i) 
System.out.print (wer.length()); 
(a) Because of the syntax mistake 
(b) Because of poor performance 
(c) Because of the wrong choice of the control structure 
(d) Because of the absence of try block 
*268. Consider the following program fragment. 
if (a>b) 
System.out.printin("Statement 1"); 
System.out.printin("Statement 2"); 
else 
System.out.printlin("Statement 3"); 


Statement 2 will be printed 
(a) always (b) only if a<b 
(c) only if a>b (d) None of these 
269. What is the output of the following program? 
public class TestFirstApp { 
public static void main(String[] args) { 
int[] wer = {1,2,3,4,5,6,7,8}; 
for(int i=6; i>=0; --i) 
wer[wer[i]] = wer[i]; 
for(int i=0; i<8; ++i) 
System. out.print (wer[i]); 


} 
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(a) 12335578 (b) 12345678 (c) 87654321 (d) 11234567 


*270. Which is true of the following program? 


public class TestFirstApp { 
static void doIt(int x, int y, int m) { 
if (x == 5) m=y; 
else m=x; 


public static void main(String[] args) { 
int i=6, j=4, k=9; 
TestFirstApp.doIt(i,j,k); 

System. out.print (k); 


} 


(a) Doesn’t matter what the values of i and j are, the output will always be 5. 
(b) Doesn’t matter what the values of k and j are, the output will always be 5. 
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(c) Doesn’t matter what the values of i and j are, the output will always be 9. 
(d) Doesn’t matter what the values of k and j are, the output will always be 9. 
*271. What is the output of the following program? 
public class TestFirstApp { 
public static void main(String[] args) { 
labell: for (int i=0; i<5; ++i) 
label2: for (int j=0; j<3; ++j) { 
if (j<=i) { 
System. out.print (i); 


} 
else { 
System. out.print (j); 
continue labell; 
} 
} 
} 
} 
(a) 00111222333444 (b) 01112222333444 
(c) 012340123401234 (d) 012012012012012 


*272. What is the output of the following program? 
public class TestFirstApp { 
public static void main(String[] args) { 
int i = 8; 


{ 


int i= 7; 
System. out.print (i); 


} 


(a) Results in compilation error (b) Results in runtime error 
(c) Prints 7 (d) Prints 8 
*273. Consider the following statements. 
int i = 0; 


while(i < 10) { 
System. out.print (i+1) ; 
i += 2; 

} 


System. out.print (i); 
Which of the following is/are equivalent to the above statements? 


(a) for(int i = 0; i < 10; ++i) (b) for(int i = 0; i < 10; i++) 
{ { 
System. out.print (itl); System. out.print (itl); 
itt; ++i; 


} } 


System. out.print (i); System. out.print (i); 
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(c) int i = 0; (d) None of these 
for(; ; ) { 
if | (a < T0) i 
System.out.print(itl); i += 2; 


} 
} 
*274. The statements 


int a = 5; 

System.out.println(a -= a += a -= a += a); 
prints 
(a) 0 (b) 5 
(c) -5 (d) None of these 


*275. What is the output of the following program? 


public class TestFirstApp { 
public void doIt(int[] n) { 
APLY, = 111; 
return; 
} 
public static void main(String[] args) { 
int[] myArr = {3, 6, 2}; 
TestFirstApp myObj = new TestFirstApp(); 
myObj.doIt (myArr) ; 


System.out.println( myArr[1] ); 
} 
} 
(a) 3 (b) 6 
(c) 111 (d) 2 


*276. Which of the following statements can be used to return a random integer in the range 
10 to 50 (both inclusive)? 
(a) Math. round((int) (Math.random()*40+10)); 


(b) (int) Math.ceil( ( (Math.random()*40+10) ) ); 
(c) (int) Math.floor( ( (Math.random()*40+10) ) ); 
(d) (int) Math.round( (Math. random()*40+10)); 


*277. What does the following program output? 


public class TestFirstApp { 

public int doIt (int m) { 
System.out.print (m+m) ; 
return m; 

} 

public static void main(String[] args) { 
System.out.print (doIt(7))j; 

} 
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(a) Results in compilation error (b) Results in runtime error 
(c) Outputs 147 (d) Outputs 14 
*278. The following program will not compile successfully. 


public class TestFirstApp { 
public static void main(String[] args) { 
boolean[] ages = new boolean[15]; 


String wew = "rtyui"; 
System. out.print (wew.length) ; // Statement A 
System. out.print (ages.length()); // Statement B 


} 


What correction is necessary to make it compile successfully? 
(a) Change Statement A to System.out.print (wew.length()); 
(b) Change Statement B to System.out.print (wew.length) ; 


( 
(c) Change Statement A to System.out.print (wew.length()); 
Change Statement B to System. out.print (wew. length) ; 
(d) None of these 


The next three questions are based on the following incomplete program. 


public class TestFirstApp { 
public static int magic(int m, int n) { 
if (n > 1) return magic(m+m, n/2); 
else return m; 
} 
public static void main(String[] args) { 
Statement A 


} 
} 
279. What does the program output if Statement A is 
System.out.print (TestFirstApp.magic(3, 16)); 
(a) 48 (b) 24 (c) 12 (d) 64 
280. Let Statement A be 
System. out.print (TestFirstApp.magic(3, MB); 
For what range of values in the black box does the program output 24? 
(a) 8 to 15 (both exclusive) (b) 8 to 15 (both inclusive) 
(c) 8 to 16 (both inclusive) (d) 8 to 16 (both exclusive) 
281. Let Statement A be 
System. out.print (TestFirstApp.magic(3, MB); 
What does the program output if the black box is a number of the form 2°? 


(a) 3 times 2° (b) 2° (c) 3 times 2^7! (d) 3 times a? 
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Sat iA 


1. 


22. 


23. 


24. 


26. 


27. 


boolean, char, byte, short, int, long, float, and double are the eight primitive data types 
supported in Java. 


. The byte datatype needs 1 byte of storage. The bit representation of +9 is 0000 1001. 


So, ~9 will be 1111 0110. The fact that the most significant bit is 1, indicates that this 
is a negative number. Java uses 2’s complement to represent negative numbers. The 
2’s complement bit pattern 1111 0110 corresponds to 00001010. 


. When the second argument to the doIt method is 0, what is returned is the first argu- 


ment. So, the statement reduces to evaluating the statement, 
myObj.doIt( myObj.doIt(2, 6), 0); 
This again has the second argument 0. So, it evaluates to 62. 


. The cast operator has higher precedence than the / operator. So, what is evaluated is 


7.0/4, which yields 1.75. 


. Math. random() returns a double value that is greater than or equal to 0 . 0 but less 


than 1.0. 


. An object reference can be null but, null is not an object. In fact the condition 


(null instanceof Object) is always false. 


. Recursion is implemented using stacks. After all the four recursive calls to magic, the 


second print statement will be executed as many (four) times. Since stack models LIFO 
(last in first out), what is printed first is what was processed last by the recursive call. 


. A superclass is also called a base class. 
. Option (a) is the preferred way. 
. The output is —3. The || operator doesn’t evaluate its right operand if its left operand 


evaluated to true. The first three conditions evaluate to false. When the fourth condi- 
tion is evaluated, the value of the variable a is 8. So, the fourth condition evaluates to 
true (because 13 < 8 + 8 is true). As a consequence, the last condition is not evaluated 
(because of the short-circuit nature of the || operator). The if condition evaluates to true 
and what is printed is b — a, which is —3 (13 — 16). 

m++ evaluates to 3 and as a side-effect, the value of m gets incremented to 4. The ++m 
evaluates to 5. So, m++ + ++m evaluates to 8 (3+5). 

Unlike C/C++, Java supports only signed integer types. 

Any number (other than 0) divided by 0.0 yields infinity. This is treated as an overflow 
error in languages like C/C++. In Java, this is given a special acceptable value called 
Infinity. 

If you shift left a bit pattern by one bit, you are essentially multiplying it by 2. Shifting 
left by two bits, is essentially same as multiplying by 2, two times. 

The == operator compares the references (not what they are referring to) for equality. 
Here werl and wer2, are two different references. They refer to two different strings 
which happen to have the same contents. 
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. The sequence of integers that is generated by the for loop are 0, 1, 5, 6, 7, 11, 12, 13, 
17, 18, 19, 23, 24, 25, etc. Of these, the numbers that satisfy the if condition (var%3 
== 1), are l, 7, 13, 19, 25, ... . If you analyze the pattern, the last number in this 
arithmetic progression is 997. The number of elements in the sequence 1, 7, 13, 19, 
25, ..., 997 is 167. 
Note that in languages like C/C++, the modulo operator % can take only integer oper- 
ands. 
Runtime exceptions are unexpected exceptions that are caused by the application logic. 
In Java terminology, errors are unexpected exceptions that are caused by conditions 
outside the code. 
The second option is wrong because it always prints the grade S for any percentage 
mark. 
In the last option, remember that when you divide an integer by an integer, you get an 
integer. The fractional part, if any, is dropped off (not rounded). 
Java uses Unicode characters. A Unicode character is 16-bit long, and can be represented 
as \uxxxx, where each x can be 0-9 or A-F. So, \u3456 refers to a single Unicode 
character. So, is \u7891. 
Dangling reference is the scenario in which a reference is pointing to a memory location 
that (once had but now) has no meaningful data. 
It is the block 

{varlinThird = MyClass. throwMeThat (“**I am varlinThird**”) ; } 
that appears in the definition of class Third. 
Member variables can be initialized at the point of declaration or through an initialization 
code or through constructors. In case more than one of these ways is used to initialize 
a member variable, initialization through the constructor happens last. 
Remember that Java is case-sensitive and keywords are reserved (implies they cannot 
be used as identifier names). 
It keeps printing Hi because of infinite recursion. However, the program ultimately raises 
a fatal exception because the infinite recursion leads to stack overflow. 
Object is the only class without a superclass. 
The assignment operator associates from right to left. This means, the expression a = 
b = c will be treated as a = (b = c). 
The unary operator ! has more precedence than the binary operator &&. The condition 
(! a&&a) will be interpreted as ( (!a) && a). This evaluates to false. Note that 
the condition (! (a&&a) ) evaluates to true. 
It prints -128. The datatype byte uses | byte to store its value. The range of values that 
can be stored is, from —128 to 127. After 127, it cycles back to —128. Note that —129 
cycles back to 127. 
-1.0/Double. POSITIVE INFINITY gives a negative number that is very close to 0. 


A negative number that is arbitrarily close to 0.0 is given a special acceptable value called 
—0.0. 
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The byte datatype needs 1 byte of storage. The bit representation of +34 is 00100010. 
So, ~34 has the representation 11011101. The fact that the most significant bit is 1 in- 
dicates that this is a negative number. Java uses 2’s complement to represent negative 
numbers. The 2’s complement bit pattern 11011101 corresponds to 00100011. 

The sequence of integers that are generated by the for loop are 0, 4, 8, 12, 16, ..., 996. Of 
these, the numbers that satisfy the if condition, (var%3 == 1) are 4, 16, 28, ... . Ifyou 
analyze the pattern, the last number in this arithmetic progression is 988. The number of 
elements in the sequence 4, 16, 28, ..., 988 is 83. 

The output is —3. 

The condition j<=i, will succeed only five times, when the values of i are 0, 1, 
2, 3, 4, and, the value of j is 0. 

Strongly-typed means that a variable needs to be declared before being used. 
Manually tracing the values of the variables Low, high, mid, and wer [mid], will 
facilitate finding the output. Let’s use the following table to keep track of these vari- 
ables. 


wer [mid] 
9 


13 
11 


At this point in execution, the condition low > high will fail; wer[mid] < in- 
pValue will fail; wer[mid] > inpValue will fail. So, the value of mid, which 
is 5 will be output. 

Manually tracing the values of the variables low, high, mid, and wer[mid] will 
facilitate finding the output. Let’s use the following table to keep track of these vari- 
ables. 


wer [mid] 
9 


At this point in execution, the condition low > high will succeed and the value of 
low, which is 3, will be output. 


Unlike C and C++, Java language specification explicitly outlines the number of bytes 
needed to store each datatype. 


A number starting with a zero, will be considered a number represented in the octal 
number system. The octal number 123 is equivalent to the decimal number 83. 


&& doesn’t evaluate its right operand if its left operand evaluates to false. 
| | doesn’t evaluate its right operand if its left operand evaluates to true. 
?: doesn’t evaluate its last operand if its first operand evaluates to true. 
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?: doesn’t evaluate its second operand if its first operand evaluates to false. 
& always evaluates both its operands. 


thisBranch is an instance of Branch class, and also an instance of any class that is an 
ancestor of the Branch class. 

The values of m for which the for loop is executed are 1, 3, and 13. 

In the absence of the break statement, the entire switch statement, starting from the 
matching case will be executed. 

Pass by value is the only parameter passing mode supported by Java. If what is passed is a 
reference, it has the effect of pass by reference but everything is passed by value. 


Knowingly or unknowingly, this student wrote a code that runs faster than the other 
student. This is because of the function call overhead that is associated with the call 
Math.max (a,b). 

Proper indentation will bring to light which else clause is associated with which if 
condition. Even without proper indentation, realizing the fact that each else clause 
matches with the nearest previous else-less if, facilitates associating an else clause 
with the matching if condition. 

(Unexpected) Exception that is caused by the application logic is classified as unchecked 
exception. 

At the point of declaration, uninitialized member variables are automatically initialized to their 
default values. The default value for the boolean datatype is false. Also note that member 
variables can be initialized at the point of declaration, or through an initialization code, 
or through constructors. In case if more than one of these ways is used to initialize a 
member variable, initialization through the constructor happens last. 

Each loop will be executed 10 times. Since they are nested, the statement, d = d+1; 
will be executed 1000 times. 

What is printed equals the number of times the i f condition is satisfied. The i f condition 
is satisfied when a takes one of the 5 values 2,4,6,8,10; b takes one of the 3 values 3,6,9; 
c takes one of the 2 values 4,8. So there are 5 x 3 x 2 = 30 possible ways of satisfying the 
condition. 

Execution reaches the body of the for loop 1000 times. If the body of the for 
loop has a condition that is true m number of times, the output of the program will 
be m. If the condition is logically negated, it will be true 1000-m number of times, 
and so 1000-m will be the output. The logical opposite of the given condition (use 
De Morgan’s law) is the condition, 

((a%2) == 0) && ((bÞ%3) == 0) && ((c%4) == 0). 

This condition will be true 5 x 3 x 2 = 30 times. So the given condition will be 
true 1000 — 30 = 970 times. 

a,b, andc, take values from 1 to 10. Out of these ten numbers, 3 numbers (3,6, and 9) leave 
the remainder 0 when divided by 3; 4 numbers (1,4,7, and 10) leave the remainder 1 when 
divided by 3; 3 numbers (2,5 and 8) leave the remainder 2 when divided by 3. 
The condition ( ((atb+c)%3) == 0 ) canbe satisfied in many ways. The fol- 
lowing table lists different ways the condition can be satisfied. 
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Remainder when a Remainder when b Remainder when c Number of ways 


is divided by 3 is divided by 3 is divided by 3 


0 3x3x3=27 
2 3x4x3 = 36 
1 3x4x3=36 
3x4x3=36 
3x4x3=36 
4x4x4= 64 
3x4x3=36 
3x4x3 = 36 


3x3x3=27 
334 


Unlike ASCII and EBCDIC, Unicode uses 16 bits to accommodate characters from several 
languages. 

The first three options are based on the fact that -Math.max(-a, -b) = Math. 
min(a,b). The fourth option will be correct if itis (a<b) ? Math.min(a, c) 
Math.min(b, c) 

If not initialized or assigned a value explicitly, variables of datatypes byte, short, 
and int, will have the default value 0. Objects and arrays will have the default value 
null. Character will have the default value ‘\u0000’. Boolean will have the default value 
false. 

Though option (b) that uses the C/C++ style is syntactically correct, it is not popular 
in Java. 

If a class is missing the default (no-arg) constructor, the compiler will automatically 
supply one. However, this doesn’t happen if the class has some other constructor. 
What is printed by args.length, is the number of parameters passed. Here, two 
parameters (Is and Successful) are passed. 

Object is the only class without a superclass. If a class doesn’t explicitly extend any 
class, it extends the Object class by default. 

12 % 7 % 3 is interpreted as (12 % 7) % 3. This is 5 % 3, which is 2. 

This is because the compiler looks for a constructor with two parameters, each of type 
int. But there is none. This results in compilation error. Note that the previous ques- 
tion did not lead to any error because the compiler automatically supplied a no-arg 
constructor. 

The byte datatype needs 1 byte of storage. Java uses 2’s complement to represent 
negative numbers. The 2’s complement of —10 is 11110110. The 2’s complement of 
—22 is 11101010. varlévar2 is 11110110 & 11101010, which is 11100010. The 2’s 
complement bit pattern 11100010 is equivalent to the decimal number —30. 
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The sequence of integers that are generated by the for loop are 0, 1, 5, 6, 7, 11, 12, 13, 
17, 18, 19, 23, etc. Of these, the sequence of values of the variable var, for which the 
statement countt++ will be executed are 0, 4, 5, 6, 10, 11, 12, 16, 17, 
18, ..., 994, 995, 996, 1000. The output is the number of numbers in 
this sequence. Let’s count the number of triplets first. The triplets start with 4, 10, 16, 
..., 994. This arithmetic progression has 166 numbers (that means 166 triplets). So, the 
number of elements in the sequence, 0, 4, 5, 6, 10, 11, 12, 16, 17, 
18, ..., 994, 995, 996, 1000, is, 166 triplets + the first element 0 + the 
last element 1000. 
Manually tracing the program for each input is one way of answering this question. A 
better way is to understand the logic used, and to figure out what is going wrong. 
Try to understand the logic of the program by reading, or, by analyzing the behavior 
of the program for different inputs. You will find that this program doesn’t update the 
variable curMax if the last element of the given array is inp, and the largest number 
of inp’s that occur together is present in the end of the given array. One way to fix is 
to change the Statement I to, 

return (curCount > curMax) ? curCount : curMax; 


This is because a double value cannot be converted to an integer value. Note that the 
call 

wer.doThis((int)2.9), 
is perfectly acceptable. The output in this case will be 1. 
The e/se clause that features Statement F will be executed only if the inBlock is false. 
So the Statement F that assigns false to inBlock is redundant. Statement G is necessary. 
Without it, you can verify that the call wer.doThis(3), outputs 5 instead of 4. 
Statement H is not necessary because even without it, the for loop continues without 
executing any other statement. Note that good programming is not just writing a bunch 
of code that works. Logical clarity is important as well. In the spirit of that, having the 
statements F and H, is certainly not a bad idea. 


Don’t be misled by the indentation. The last statement is not a part of the if/else 
statement. 

Knowingly or unknowingly, this student listed the condition that is most likely to be true 
first, and the condition that is least likely to be true last. This results in better runtime 
performance because the number of conditions that is checked is likely to be relatively 
fewer. 

Generated random numbers, though pseudo-random numbers, don’t follow a pattern. 


The pairs of values of m,n for which the for loop is executed are (0,100), (1, 
99), (2, 98), ... Did you notice that the two numbers in any pair add up to 100? 
Did you notice that the difference between the numbers in each pair conforms 
to the pattern 100, 98, 96, ... . What is the last pair for which the for loop 
will be executed? Let it be (x, 100 — x). Since this is the last pair for which the 
for loop is executed, (100 — x) — x = 32. Solving, x = 34. So, the last pair is 
(34, 66). The number of #’s that is printed is same as the number of times the for loop is 
executed, which is same as the number of elements in the sequence, (0,100), (1, 99), 
(2, 98), ..., (34, 66). There are 35 pairs in this sequence. 
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. The given expression returns m or m+1. It returns m if m+0.5 < m+1. That is, when, 
m < m+0.5. It returns m+1, otherwise. This is what rounding does. 

The first option returns m or m-1. 

. Always the no-arg constructor from the superclass will be called. If there are many 
superclasses, the one that is a superclass of all the others in the hierarchy, will be the 
one that is called first. 

. Unchecked exceptions include runtime exceptions. 

. Member variable k has package scope. The member variable y, being private is not 
inherited. 

. Option (d) would be correct if it is -findMax(-b, findMax(-a,-c) ) 

. A number starting with the prefix 0x, will be considered a number represented in the 
hexadecimal number system. The hexadecimal number 123 is equivalent to the decimal 
number 291. 

. The binary operator + associates from left to right. So, the 1 will be first converted into a string 

and the string concatenation, “This is what you see: “ + “1”, takes place. The 

resulting string, “This is what you see: 1” will be concatenated with the 
string “2”, and printed. 

The && operator doesn’t evaluate its right operand if its left operand evaluates to false. 

out, in, and err are the three stream objects. They are defined in the 

java.lang.System class. Since the java.lang package is imported by default, 
any java program can make use of these objects. 

The byte datatype needs 1 byte of storage. Java uses 2’s complement to represent nega- 

tive numbers. The 2’s complement of —51 is 11001101. The 2’s complement of —28 is 

11100100. variévar2 is 11001101 & 11100100, which is 11000100. The bit pattern 

11000100 in 2’s complement form is equivalent to the decimal number —60. 

Unlike C/C++ which treat integer value 0 as false and any non-zero value as true, Java 

cannot convert integer into boolean. 

Nested if/else if is the right way to simulate a switch statement. 

Casting into integer, truncates the fractional part. No rounding takes place. 

What is manipulated by the doIt method is a copy of m and n. As a consequence, any 

change done by the doIt method is not reflected outside it. 

The program fragment can be rewritten as 

If a>b is true then 
if b>c is true then 


if a<=c is true then print Statement 1, otherwise print 
Statement 2. 


If the first two conditions are true, then a>c (because a>b and b>c). This means that 
the third condition a<=c will never be true if the first two conditions are true. 
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Drawing a flowchart will help. Here is the flowchart. 


Statement 2 Statement 1 


Fig. 5.4 
The new int[10], would have assigned some non-null value to m. However, since 
the array is not initialized explicitly, its elements will be initialized to 0 by default. 
++ can act only on the /-value. 
Such a number should be divisible by 4 x 5 x 6 x 7 x 8 x 9. One such number is 4 x 5 
x 6x 7X 8 x 9, which is 60480. 
In fact, the output will be 91 for any value less than 102. To prove this, let us use the 
short form magic’(n) for magic(magic(magic(n) )). What will be the value of 
magic"(91)? 
magic’(91) = magic’’(102) = magic"(92) = magic"’(103), ete. 
Continuing, at some stage, it will become magic’ (100) = magic" (111) = magic (101) 
= magic” (91). To summarize, we started with magic*(91), and ended up with 
magic™ (91). Continuing, we will finally end up with magic’?(91), which can 
be proved to be 91. What is left to be proved is, if you start with a number that is less 
than 102, you should be getting magic*(91), for some n. This has to be the case 
because we keep on adding 11, till the argument falls in the range 101 to 111. A 111 
becomes 91 in two steps, and a 101 becomes 91 in one step. For any other number in 
this range, we subtract 10 and add 11 in the next step. The net effect is adding 1 to the 
number. Progressing this way, you get 111, which can be reduced to 91 in two steps. 
—130 if coerced to byte will become +126. 130 if coerced to byte will become —126. So, 
a—b is 126 — (126). 
The final modifier doesn’t allow the reference to change. Even an assignment like varl 
= varl is not tolerated. 
In the absence of the explicit conversion, c-1 will print from 97 to 122. 
(m - m/n * n&p) evaluates to 7. (mSn%p) evaluates to 1. Unlike C/C++, Java 
doesn’t treat 0 to be false (or false to be 0) and a non-zero value to be true (or 
true to be a non-zero value). 


The third option is correct. The following statement is OK. 
abc: 


{ 


if (5>13) 
break abc; // Just break without the label is not OK inthis case 
else 
System.out.print (1); 
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The method wer1.compareTo (“Is”), compares strings “it” and “Is”, and 
returns —1, 0, or 1, depending on whether the string “it” comes before or equals or 
comes after the string “Is”. Remember that uppercase alphabets appear before low- 
ercase alphabets in the Unicode character set. 

Representing numbers on a number line will help you answer this question. 

Find what is magic (2), magic (3), magic (4). The pattern is, magic (n) is 2”. So, 
magic(10) will be 21°, which is 1024. 

6 % 4 % 3 is interpreted as (6 % 4) % 3. This is 2 % 3, which is 2 (because 2 is the 
remainder when you divide 2 by 3). 

Bit representation for —34 is 11011110. The >> operator fills the leftmost bits that become 
vacant (as a result of the right shift), with the most significant bit. In this case, the most 
significant bit of 11011110 is 1. So, 11011110 >> 2 is 11110111. This 2’s complement 
form is equivalent to the decimal number —9. 


Rectangle is a Parallelogram. Parallelogram is a Quadrilateral. So, the Quadrilateral 
class must be made the superclass of the Parallelogram class, and the Parallelogram 
class must be made the superclass of the Rectangle class. 

Unlike &&, the & operator doesn’t show the short-circuit behavior. So, all the conditions 


in the if clause will be evaluated. The if clause, as a whole, evaluates to false. What is 
printed is 45 (13+32). 


The three possibilities are a=b, a>b, and ax<b. 
When a=b, the call myObj.doIt(a, myObj.doIt(a, b)) _ reduces to the call 
myObj.doIt(a, 0). This returns a. 
When a<b, the call myObj.doIt(a, myObj.doIt(a, b)) reduces to the call 
myObj.doIt(a, 0). This returns a. 
When asb, the call myObj.doIt(a, myObj.doIt(a, b)) reduces to the call 


myObj.doIt(a, a-b). Note that a > a-b. So,myObj.doIt(a, a-b) returns a- (a-b), 
which is b. 


In all the three possible cases, we get the minimum of a and b. 


One simple, yet powerful technique to arrive at the answer is to realize the fact that the 
positive difference of a and b, must be same as the positive difference of b and a. 
This implies that the answer must look the same if a is replaced by b, and b is replaced 
by a. 

Another way is to show that all the three possibilities a=b, a>b, and a<b, return 

the positive difference of a and b. For more information, refer to the explanation for 
the previous question. 
In the Unicode character set, ‘A’ is 65 and ‘a’ is 97. Since the lowercase alphabets are 
contiguous and the uppercase alphabets are contiguous, a translation of ‘a’ - ‘A’ 
will change the uppercase to lowercase. Since we want to print a character, explicit 
conversion is required. Note that (char) inp + ‘a’ - ‘A’ will not serve the 
purpose because it applies the conversion to the character inp, which doesn’t make 
sense. In fact it will result in the printing of 100 (68+97-65). 
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The operator — can be used as unary or binary. The operator ++ can be used for pre- 
increment or post-increment. The operator & can be used for bitwise AND or boolean 
AND. The operator + can be used as unary or binary. 
The given statement is x = x - y + x; 
This is same as, x = x - (y-x); whichisx -= y - x ; 
Here is the equivalent switch statement. 

switch (ch) { 


case 'a': System.out.println("It is a"); break; 
case 'e': System.out.println("It is e"); break; 
case 'i': System.out.printin("It is i"); break; 
case 'o': System.out.printin("It is a )a break; 
case 'u': System.out.printin("It is u"); break; 
default: System.out.printin("It is a consonant"); 


} 


Both ages[0] and ages[1] are false. 

false == false is true. 

First, the no-arg constructor in the class Fghj is called. This, in turn, calls the 2-arg 
constructor in the class Fgh. This, in turn, calls the 2-arg constructor in the class 
Abcd, which calls the no-arg constructor in the class Abcd and then executes the 
Statement C. 

The variable m, being a member variable, is initialized to 0 by default. This value is 
not updated by any other statement. 

What is ultimately called is the no-arg constructor of the class Abcd. This calls the no-arg 
constructor of the Object class. What is printed is the default value that is assigned 
to the member variable m, which is 0. 

Two numbers are relative primes if their GCD is 1. This program prints 1 whenever the 
arguments are relative primes. 

Dividing an integer by an integer yields an integer. Any fractional part will be dropped. 
No rounding takes place. 

Operands are always evaluated from left to right. Once the operands are evaluated, the 
associativity and precedence of the operators dictate the order in which the evaluated 
values of the operands will be used. 

Any number (other than 0) divided by 0.0 yields infinity. What do you get if you divide 
0.0 by 0.0? A special acceptable value called NaN, which stands for Not a Number. 
In Statement 1, the double value 2.1 (by default this literal is considered to be of datatype 
double) cannot be converted to float without an explicit cast. You can correct this by 
specifying either 2.1f or (float) 2.1. In Statement 3, the double value 2.1 cannot 
be converted to Jong without an explicit cast. You can correct this by specifying (long) 
2.1. Note that specifying 2.1 as 2.1L doesn’t work. 

The byte datatype needs 1 byte of storage. Java uses 2’s complement to represent 
negative numbers. Positive numbers have the same form in any representation. Bit 
representation of 51 is 00110011. Bit representation of 31 is 00011111. var1^var2 
is 00110011 ^ 00011111. This is 00101100 (1^1 is 0, 1^0 is 1, 0^0 is 0), which is 
equivalent to 44. 
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229. The == operator compares the references (not what they are referring to) for equality. 
Here werl and wer2, refer to two different arrays which happen to have the same 
contents. 

232. Unlike C/C++, Java guarantees that operands in an expression are always evaluated from 
left to right. Once the operands are evaluated, the associativity and precedence of the 
operators dictate the order in which the evaluated values of the operands will be used. 

233. Which is correct will be obvious if you express each option using if/else. The last 
option, if expressed that way, reads, 


if ((a-b) >0) 


return (a-c)>0 ? a: c; 
else 
return (b-c)>0 ? b : c} 


234. If out is not declared static then we need to create an object to use out. out and 
print will not be accessible if the second and the third options are not true. An ab- 
stract method has no implementation. 

235. The condition j>i, will fail the very first time because i=0 and j=0. This results in 
the execution of the break label1; statement, which terminates the outer for 
loop. 

236. If it is overloaded, it will have a different signature. 

237. An object of a class can be a reference to any of its descendent but the converse is not 
true. So, Statement 1 is acceptable but not Statement 3. For the same reason, 
Statement 2 is acceptable because the Object class is a superclass of Abcd. 

238. The Object class has no definition for the printThis() method. 

247. Since 8 and 3 are integers, 8/3 will evaluate to the integer 2. When the integer 2 is as- 
signed to a variable of type double, it will be implicitly converted to 2.0. 

249. By default, an uninitialized reference is initialized to null. Here var1 is initialized but its 
elements are not initialized. 

250. All statements are correct. These are different ways of declaring and initializing a string. 


251. The values of m for which the for loop will be executed are -1, 1, -3, 5, -11, 
21, and -43. 


252. 
whitemagic(3,2) = whitemagic(2,2) + whitemagic(2,1) 
= whitemagic(1,2) + whitemagic(1,1) + whitemagic(1,1) + whitemagic(1,0) 
= 0 + whitemagic(1,1) + whitemagic(1,1) + 1 
0 + 2x whitemagic(1,1) +1 
= 0 + 2x (whitemagic(0,1) + whitemagic(0,0)) + 1 
= "0 +2xl 
= 3 


254. Java is case-sensitive. Int is not a keyword but int is. 

255. Forget about the outermost for loop. The two inner for loops transposes the matrix x. If 
you transpose a matrix twice, you get the original matrix. Since the outermost for loop 
is executed 100 times, the matrix x is transposed 100 times. That leaves you with x. 
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The bit representation of any even number ends with a 0. The bit representation of any 
odd number ends with an 1. So, the output is the string 01 repeated 50 times. 

Java supports only 1-dimensional arrays. However an array element can be an array by 
itself. 

The program compiles successfully but throws the exception ArrayIndexOutOfBoundsEx- 
ception, when run. This is because the index m++-++m evaluates to —2. How? Operands 
are evaluated from the left. The m++ evaluates to 0 but as a side effect increments m 
to 1. The ++m evaluates to 2. So, the index, m++-++m , evaluates to 0 — 2, which is 
—2 but wer [-2] is out of bounds. 

OxFF is the bit pattern 11111111. When this bit pattern is assigned to a variable of datatype 
byte, it will be interpreted as a negative number because the most significant digit is 1. The 
bit pattern 11111111 in 2’s complement form is equivalent to the decimal number —1. 
Note that the last print statement is outside the while loop. The while loop will be 
executed only once. 

This happens because the for loop will never break. 

In the Unicode character set, ‘A’ is 65 and ‘a’ is 97. Since the lowercase alphabets are 
contiguous, and the uppercase alphabets are contiguous, a translation of ‘A’ - ‘a’ 
will change the lowercase to uppercase. Since we want to print a character, explicit 
conversion is required. Note that (char) inp + ‘A’ - `a’ will not serve the 
purpose because it applies the conversion to the character inp, which doesn’t make 
sense. In fact it will result in the printing of 68 (100+65-97). 

The values of m, n for which the for loop is executed are (0,100), (1, 99), (2, 98), ... . Did 
you notice that the two numbers in any pair add up to 100? What is the last pair for 
which the for loop will be executed? It will be (49, 51). The number of #’s that is 
printed is same as the number of times the for loop is executed, which is same as the 
number of pairs in the sequence, (0,100), (1, 99), (2, 98), ..., (49, 51). There are 50 
pairs in this sequence. 

The print statement is outside the if clause. The return statement immediately 
transfers control to the calling routine. 


It may output the value of i if it is an odd prime number. Remember that 2 is the first 
prime number and the only even prime number. 


The string length doesn’t change each time the loop is executed. But it is repeatedly 
calculated. Always look for loop-invariant computation and hoist the relevant code 
above the loop. A better code would be, 

String wer = "12345"; 

int len = wer.length(); 

for(int i=l; i < 1000; ++i) 

System. out.print (len); 

A program with this fragment will not even compile. Since the if condition is not 
followed by a {, the compiler will treat what is following the keyword if, as part of 
an if statement, rather than being part of an if/else statement. This implies that 
the else will be dangling without a matching if. 
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Since parameters are passed by value, the changes made inside doIt will not be effec- 
tive outside it. 

Manually trace the program and verify that, 

01 is printed for i=0; 112 is printed for i=1; 222 is printed for i=2; 333 is printed 
for i=3; 444 is printed for i=4. 

Complains about the duplicate local variable i. Note that C/C++ permit this. 


The first two options will not even compile because the variable i is not visible outside 
the for loop. The third option results in infinite looping . 


The expression will be evaluated as, a -= ( a += ( a -= (a += a) ) ). 
This is, a -= ( a += ( a -= 10) ). The value ofa is still 5. 

This is, a -= ( a += -5 ). 

This is, a -= 0, which is 5. 


What is manipulated by the doIt method is not a copy of the array myArr, but the 
array myArr itself. 

Math.random() returns a double value that is greater than or equal to O . 0 but less 
than 1.0. The first and the third options generate random integers in the range 10 to 
49 (both inclusive). 

You cannot call a non-static method from a static method. The error message 
will be — Cannot make a static reference to the non-static 
method doIt(int) from the type TestFirstApp. 

length is a method name in the String class but an instance variable when dealing 
with array objects. 


*1. Consider the following tree. 


Fig. 6.1 
If the post-order traversal givesa b - c dad * + then the label of the nodes 
1,2,3,.. will be 
(a) +, -, *, a, b, c, a Urap = By tye "Sp OF 
(C) ay By “ey ay. =p Fe + (d) =; ay “by ty *y èr 0 


*2. Consider the following tree. 
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If this tree is used for sorting, then a new number 8 should be placed as the 
(a) left child of the node labeled 30 (b) right child of the node labeled 5 
(c) right child of the node labeled 30 (d) left child of the node labeled 10 


. The initial configuration of a queue is a, b, c, d, (‘a’ is in the front end). To get the 


configuration d, c, b, a, one needs a minimum of 


(a) 2 deletions and 3 additions (b) 3 deletions and 2 additions 
(c) 3 deletions and 3 additions (d) 3 deletions and 4 additions 
The number of possible ordered trees with 3 nodes A, B,C is 

(a) 16 (b) 12 (c) 6 (d) 10 


. The number of swappings needed to sort the numbers 8, 22, 7, 9, 31, 19, 


5, 13 in ascending order, using bubble sort is 

(a) 11 (b) 12 (c) 13 (d) 14 

Given two sorted list of size ‘m’ and ‘n’ respectively. The number of comparisons needed 
in the worst case by the merge sort algorithm will be 


(a) mxn (b) maximum of m, n A S7 

(c) minimum of m, n (d m+n-1 > 

7. If the sequence of operations - push(1), push(2), pop, 3 S4 

push(1), push(2), pop, pop, pop, push(2), pop, 4 |82 

are performed on a stack, the sequence of popped out values are 2 55 
(aye 2 Se P (b) 2, 2, 1, 2,2 7 

(c) 2, 1, 2, 2, 1 (d) 2, 1, 2, 2, 2 9 = 

*8. A hash table with 10 buckets with one slot per bucket is depicted in Fig. Fig. 6.3 


*9, 


*10. 


*11. 


6.3. The symbols, S1 to S7 are initially entered using a hashing function 
with linear probing. The maximum number of comparisons needed in searching an item 
that is not present is 


(a) 4 (b) 5 (c) 6 (d) 3 


A binary tree in which every non-leaf node has non-empty left and right subtrees is 
called a strictly binary tree. Such a tree with 10 leaves 
(a) cannot have more than 19 nodes (b) has exactly 19 nodes 
(c) has exactly 17 nodes (d) cannot have more than 17 nodes 
The depth of a complete binary tree with ‘n’ nodes is (log is to the base two) 
(a) log(n+1) - 1 (b) log(n) 
(c) log(n-1) + 1 (d) log(n) + 1 
K4 and Q3 are graphs with the following structures: 
K4 Q3 


DS 


Fig. 6.4 
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Which one of the following statements is TRUE in relation to these graphs? 
(GATE 2011) 


(a) K4 is planar while Q3 is not (b) Both K4 and Q3 are planar 

(c) Q3 is planar while K3 is not (d) Neither K4 nor Q3 is planar 
Which of the following traversal techniques lists the nodes of a binary search tree in 
ascending order? 

(a) Post-order (b) In-order 

(c) Pre-order (d) None of the above 

The average successful search time taken by binary search on a sorted array of 10 items is 
(a) 2.6 (b) 2.7 (c) 2.8 (d) 2.9 


A hash function f defined as f (key) = key mod 7, with linear probing, is used 
to insert the keys 37, 38, 72, 48, 98, 11, 56, into a table indexed from 
0 to 6. What will be the location of key 11? 


(a) 3 (b) 4 (c) 5 (d) 6 
The average successful search time for sequential search on ‘n’ items is 
(a) n/2 (b) (n-1)/2 (c) (nt+1)/2 (d) log (n) + 1 


The running time of an algorithm T(n), where ‘n’ is the input size, is given by 
T(n) = 8T (z) +qn,ifn>1 


p,ifn=1 
where p, q are constants. The order of this algorithm is 
OR (b) n” (©) n (d) n 
Let m, n be positive integers. Define Q(m,n) as 
O(m, n)=0,ifm<n 
QO(m-n,n)+p,ifm2n 
Then Q(m, 3) is (in the answer choices a div b denotes the quotient when a is 
divided by b) 
(a) a constant (b) p x (m mod 3) (c) p x (m div 3) (d 3xp 
Six files F1, F2, F3, F4, F5 and F6 have 100, 200, 50, 80, 120, 150 number of records 
respectively. In what order should they be stored so as to optimize access time? Assume 
each file is accessed with the same frequency. 
(a) F3, F4, Fl, F5, F6, F2 
(b) F2, F6, F5, Fl, F4, F3 
(c) Fl, F2, F3, F4, F5, F6 
(d) Ordering is immaterial as all files are accessed with the same frequency. 
In Qn. 18, the average access time will be 
(a) 268 units (b) 256 units (c) 293 units (d) 210 units 
An algorithm is made up of 2 modules M1 and M2. If order of M1 is f (n) and M2 is 
g (n) then the order of the algorithm is 
(a) max (f(n),g(n)) (b) min(f(n),g(n)) 
(c) £(n) + g(n) (d) f(n) x g(n) 
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The concept of order (Big O) is important because 
(a) it can be used to decide the best algorithm that solves a given problem 
(b) it determines the maximum size of a problem that can be solved in a given system, 
in a given amount of time 
(c) it is the lower bound of the growth rate of the algorithm 
(d) none of the above 
The running time T(n), where ‘n’ is the input size, of a recursive algorithm is given as 
follows. 
Tin) =c + T(n- 1), ifn> 1 
d,ifn< 1 
The order of this algorithm is 
@) n? (b) n (0) m (d) n" 
There are 4 different algorithms A1, A2, A3,A4 to solve a given problem with the 
order log (n), log(log(n)),nlog(n),n/log(n) respectively. Which is the 
best algorithm? 


(a) Al (b) A2 (c) A4 (d) A3 
The number of possible binary trees with 3 nodes is 

(a) 12 (b) 13 (c) 5 (d) 15 
The number of possible binary trees with 4 nodes is 

(a) 12 (b) 13 (c) 14 (d) 15 
The time complexity of an algorithm T(n), where n is the input size, is given by 


1 
T(n) = T(n- 1)+ —,ifn>1 
n 


1, otherwise 
The order of this algorithm is 
(a) logn (b) n (c) n (d) n” 


Sorting is useful for 

(a) report generation (b) minimizing the storage needed 
(c) making searching easier and efficient (d) responding to queries easily 
Choose the correct statements. 


(a) Internal sorting is used if the number of items to be sorted is very large. 

(b) External sorting is used if the number of items to be sorted is very large. 

(c) External sorting needs auxiliary storage. 

(d) Internal sorting needs auxiliary storage. 

A sorting technique that guarantees that records with the same primary key occurs in 
the same order in the sorted list as in the original unsorted list is said to be 

(a) stable (b) consistent (c) external (d) linear 

A text is made up of the characters a, b, c, d, e each occurring with the probability 
0.12, 0.4, 0.15, 0.08 and 0.25 respectively. The optimal coding technique will have the 
average length of 

(a) 2.15 (b) 3.01 (c) 2.3 (d) 1.78 
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31. In the previous question, which of the following characters will have codes of length 3? 
(a) Only c (b) Only b (c) bandc (d) Only d 
*32. The running time of an algorithm is given by 
T(n) = T(n — 1) + T(n — 2) — T(n — 3), ifn > 3 
n, otherwise. 
The order of this algorithm is 


(a) n (b) log n (c) n” (d) n° 
*33. A max-heap is a heap where the value of each parent is greater than or equal to the 
value of its children. Which of the following is a max-heap? (GATE 2011) 


2 © 
9 OD Y E 
Oa Q 
CR (d) O Q 
OOO® 


34. The Ackermann’s function 


(a) has quadratic time complexity (b) has exponential time complexity 

(c) can’t be solved iteratively (d) has logarithmic time complexity 
*35. The order of an algorithm that finds whether a given Boolean function of ‘n’ variables, 

produces a | is 

(a) constant (b) linear (c) logarithmic (d) exponential 
*36. In evaluating the arithmetic expression 2 * 3 — (4 + 5), using stacks to evaluate its 

equivalent post-fix form, which of the following stack configuration is not possible? 


a hH o) = OK o H 
6 6 6 2 
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The way a card game player arranges his cards as he picks them up one by one, is an 
example of 

(a) bubble sort (b) selection sort (c) insertion sort (d) merge sort 
You want to check whether a given set of items is sorted. Which of the following sort- 
ing methods will be the most efficient if it is already in sorted order? 

(a) Bubble sort (b) Selection sort (c) Insertion sort (d) Merge sort 
The average number of comparisons performed by the merge sort algorithm, in merging 
two sorted lists of length 2 is 

(a) 8/3 (b) 8/5 (c) 11⁄7 (d) 11/6 
Which of the following sorting methods will be the best if number of swappings done, 
is the only measure of efficiency? 

(a) Bubble sort (b) Selection sort (c) Insertion sort (d) Quick sort 
You are asked to sort 15 randomly generated numbers. You should prefer 

(a) bubble sort (b) quick sort (c) merge sort (d) heap sort 
As part of the maintenance work, you are entrusted with the work of rearranging the 
library books in a shelf in proper order, at the end of each day. The ideal choice will be 
(a) bubble sort (b) insertion sort (c) selection sort (d) heap sort 
The maximum number of comparisons needed to sort 7 items using radix sort is 
(assume each item is a 4 digit decimal number) 

(a) 280 (b) 40 (c) 47 (d) 38 

Which of the following algorithms exhibits the unnatural behavior that, minimum 
number of comparisons are needed if the list to be sorted is in the reverse sorted order 
and maximum number of comparisons are needed if they are already in sorted order? 
(a) Heap sort 

(b) Radix sort 

(c) Binary insertion sort 

(d) There can’t be any such sorting method 


Which of the following sorting algorithm has the worst time complexity of nlog (n)? 
(a) Heap sort (b) Quick sort 

(c) Insertion sort (d) Selection sort 

Which of the following sorting methods sorts a given set of items that is already in 
sorted order or in reverse sorted order with equal speed? 

(a) Heap sort (b) Quick sort 

(c) Insertion sort (d) Selection sort 

Which of the following algorithms solves the all-pair shortest path problem? 

(a) Dijkstra’s algorithm (b) Floyd’s algorithm 

(c) Prim’s algorithm (d) Warshall’s algorithm 

Consider the graph in Fig. 6.5. 


The third row in the transitive closure of the 

above graph is 

(a) 1,1,1 (b) 1,1,0 

(c) 1,0,0 (d) 0,1,1 Fig. 6.5 
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The eccentricity of node labeled 5 in the graph in Fig. 6.6 is 
(a) 6 (b) 7 

(c) 8 (d) 5 

The center of the graph in Qn. 49 is the node labeled 

(a) 1 (b) 2 

(c) 3 (d) 4 


Stack A has the entries a, b, c (with a on top). Stack B is 
empty. An entry popped out of stack A can be printed immedi- 
ately or pushed to stack B. An entry popped out of stack B can 
only be printed. In this arrangement, which of the following 
permutations of a, b, c is not possible? 

(a) b ac O b ca 

(c) c ab (dda b c 

In the previous question, if the stack A has 4 entries, then the number of possible per- 
mutations will be 

(a) 24 (b) 12 (c) 21 (d) 14 

An algorithm to find the length of the longest monotonically increasing sequence of 
numbers in an array A[0: n — 1] is given below. 


Fig. 6.6 


Let L, denote the length of the longest monotonically increasing sequence starting at 
index i in the array. 


Initialize L, = 1 
For all i such that 0<i<n-2 


1+La if Ai]<4i+]] 
i 1 Otherwise 


Finally, the length of the longest monotonically increasing sequence is Max (Lo, Ly,..., £,,4). 

Which of the following statements is TRUE? (GATE 2011) 

(a) The algorithm uses dynamic programming paradigm. 

(b) The algorithm has a linear complexity and uses branch and bound paradigm. 

(c) The algorithm has a non-linear polynomial complexity and uses branch and bound 
paradigm. 

(d) The algorithm uses divide and conquer paradigm. 


Which of the following expressions accesses the (i,j)"" entry of an (m x n) matrix stored 
in column major form? 

(a) n x (i-1) +j (b) m x (j-1) + i 

(c)m x (n-j) +j (d) n x (m-i) + j 


Sparse matrices have 
(a) many zero entries (b) many non-zero entries 
(c) higher dimension (d) none of the above 


*56. 


*57. 


58. 


*59, 


*60. 


*61. 


*62. 


*63. 


Data Structures and Algorithms 235 


Statement for Linked Answer Questions 56 and 57: (Carry Two Marks Each) 
An undirected graph G (V, E) contains n (n > 2) nodes named v}, vz, ..., v,. Two nodes 
v; v; are connected if and only if 0 < |i —j| <2. Each edge (v; v;) is assigned a weight 
i +j. A sample graph with n = 4 is shown below. 


Fig. 6.7 


What will be the cost of the minimum spanning tree (MST) of such a graph with n 
nodes? (GATE 2011) 


(a) Z (Ur? ~ 5n) (b) r—nt+1 (c) 6n—11 (d) 2n+1 


The length of the path from v; to vg in the MST of the previous question with n = 10 
is 
(a) 11 (b) 25 (c) 31 (d) 41 
If the dope vector stores the position of the first and last non-zero entries in each row, then 
(i, Pi entry in the array can be calculated as (L(x) and F(x) represent the last and first 
non-zero entries in row x) 

i-l i-l 


aO Y ZM-FH+D+G-FO+) © Y €H-FH+)+G-FO) 


K =1 K =1 


j-1 i=l 


(c) = L)-FA)+ I) +G-FY)+) (d) = (L(k) — F(k) + 1) + G@-F()) 
The postfix equivalent of the prefix * + a b - c dis 

(a) ab + cd - * (b) ab cd + - * 

(c) ab + cd * - (d) ab + - cd * 

The order of the binary search algorithm is 

(a) n (b) n° (c) nlog(n) (d) log(n) 

The average search time of hashing, with linear probing will be less if the load factor 
(a) is far less than one (b) equals one 

(c) is far greater than one (d) none of the above 


A hash table can store a maximum of 10 records. Currently there are records in loca- 
tions 1, 3, 4, 7, 8, 9, 10. The probability of a new record going into location 2, with a 
hash function resolving collisions by linear probing is 

(a) 0.6 (b) 0.1 (c) 0.2 (d) 0.5 
Consider a hashing function that resolves collision by quadratic probing. Assume the 
address space is indexed from 1 to 8. Which of the following locations will never be 
probed if a collision occurs at position 4? 
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(a) 4 (b) 5 (c) 8 (d) 2 

A hash table has space for 100 records. What is the probability of collision before the 
table is 10% full? 

(a) 0.45 (b) 0.5 

(c) 0.3 (d) 0.34 (approximately) 

Which of the following remarks about Trie Indexing are true? 


(a) It is efficient in dealing with strings of variable length. 
(b) It is efficient if there are few number of data items. 


(c) The number of disk accesses can’t exceed the length of the particular string that 
is searched. 


(d) It can handle insertions and deletions, dynamically and efficiently. 
Which of the following remarks about Trie Indexing are true? 

(a) It is an m-ary tree. 

(b) It is a search tree of order m. 

(c) Successful searches should terminate in leaf nodes. 

(d) Unsuccessful searches may terminate at any level of the tree structure. 
Pick the correct statements. 

(a) Sequential file organization is suitable for batch processing. 

(b) Sequential file organization is suitable for interactive processing. 

(c) Indexed sequential file organization supports both batch and interactive processing. 
(d) Relative file can’t be accessed sequentially. 


We are given a set of n distinct elements and an unlabeled binary tree with n nodes. 
In how many ways can we populate the tree with the given set so that it becomes a 
binary search tree? (GATE 2011) 


(a) 0 (b) 1 (c) n! CEE 
n+l 


Let M be a 3 x 3, adjacency matrix corresponding to a given graph of three nodes labeled 
1, 2, 3. If entry (1, 3) in M? is 2, then the graph could be 


(a) (b) / 
(c) 2 (2) (d) a 2 


*70. Consider the graph in Fig. 6.8. 
What should be the labels of nodes marked 1 and 
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2 if the breadth first traversal yields the list A 
E? 


C D 


(a) DandE 
(c) unpredictable 


If the depth first search of the graph given in Qn. 70 yields the list A 
the labels of the nodes marked 1 and 2 will be 


(a) E and D 


(c) unpredictable 


(b) 


E and D 
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Ae 


(d) none of the above 


(b) D and E 
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Fig. 6.8 


(d) none of the above 


By 2G. D 


2) 


E, then 


Which of the following abstract data types can be used to represent a many to many 
relation? 


(a) Tree 
Consider the graph in Fig. 6.9. 


(b) Plex 


(c) Graph 


Which of the following is a valid topological sorting? 


(a) A 


G= 


B C D 


Consider the graph in Fig. 6.10. 


Fig. 6.9 


(b) 


BAC OD 


(c) 


BAODC 


Fig. 6.10 


Which of the following is a valid strong component? 


(a) a, c, d 
(c) b,c, d 


Consider the undirected weighted graph in 
Fig. 6.11. The minimum cost spanning tree for 
this graph has the cost 


(a) 18 
(c) 24 
Merge sort uses 


(b) a, b, d 
(d) a, b, c 


(b) 20 
(d) 22 


(a) divide and conquer strategy 


(b) backtracking approach 


(c) heuristic search 
(d) greedy approach 


(d) Queue 


(d) A 


BDC 
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Which of the given options provides the increasing order of asymptotic complexity of 
functions fi, 5, f and fy? (GATE 2011) 
fil) = 2" fn) =n? fm) =n log, n fan) =n" 
For merging two sorted lists of sizes m and n into a sorted list of size m + n, we require 
comparisons of 

(a) O(m) (b) O(n) 

(c) O(m+n) (d) Ollog(m) + log(n)) 

A binary tree has n leaf nodes. The number of nodes of degree 2 in this tree is 

(a) log,n (b) n-l (c) n (d) 2” 

The minimum number of edges in a connected cyclic graph on n vertices is 


(a) n-l (b) n 
(c) n+l (d) none of the above 


The postfix expression for the infix expression 
A+ B* (C+D) / EDE IS 
(a) A B+ C D+ * F D + E * 

(B) A-B- Co De ae OF Bef se DE Sh 

(C) cA [Be Ses (Ce Dif EB DE sb 

(A) SAS A Be ICP Da ek DE ee 
Which of the following statements is true? 


I. As the number of entries in the hash table increases, the number of collisions increases. 
II. Recursive programs are efficient. 
III. The worst time complexity of quick sort is O(n’). 
IV. Binary search implemented using a linked list is efficient. 
(a) I and II (b) II and III (c) I and IV (d) I and III 
The number of binary trees with 3 nodes which when traversed in post-order gives the 
sequence C, B, A 1s 
(a) 3 (b) 9 (c) 7 (d) 5 
The minimum number of colors needed to color a graph having n (>3) vertices and 2 
edges is 
(a) 4 (b) 3 (c) 2 (d) 1 


Which of the following file organizations is preferred for secondary key processing? 
(a) Indexed sequential file organization (b) Two-way linked list 

(c) Inverted file organization (d) Sequential file organization 

The worst-case running time to search for an element in a balanced binary search tree 
with n2” elements is (GATE 2012) 
(a) O(n log n) (b) O(n2") (c) O(n) (d) O(log n) 

The recurrence relation capturing the optimal execution time of the Towers of 
Hanoi problem with n discs is (GATE 2012) 
(a) T(n)=2T (n-2)+2 (b) T(n)=2T(n-1)+n 


(c) T(n) = 2T(n/2) + 1 (d) T(n)=27(n-1)+1 
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Let G be a simple undirected planar graph on 10 vertices with 15 edges. If G is a con- 
nected graph, then the number of bounded faces in any embedding of G on the plane 
is equal to (GATE 2012) 
(a) 3 (b) 4 (c) 5 (d) 6 

Let W(n) and A(n) denote respectively, the worst case and average case running time 
of an algorithm executed on an input of size n. Which of the following is ALWAYS 
TRUE? (GATE 2012) 
(a) A(n) = Q(W(n)) (b) A(n) = O(W(n)) 

(c) A(n) = O(W(n)) (d) A(n) = 0(W(”)) 

In a circularly linked list organization, insertion of a record involves the modification of 
(a) no pointer (b) 1 pointer (c) 2 pointers (d) 3 pointers 
Stack is useful for implementing 

(a) radix sort (b) breadth first search 

(c) recursion (d) depth first search 


To store details of an employee, a storage space of 100 characters is needed. A magnetic tape 
with a density of 1000 characters per inch and an inter-record gap of 1 inch is used to store 
information about all employees in the company. What should be the blocking factor 
so that the wastage does not exceed one-third of the tape? 

(a) 0.05 (b) 20 (c) 10 (d) 0.1 

Which of the following graphs is isomorphic to (GATE 2012) 


We 
Wome e 
Z A 


*94, Let G be a weighted graph with edge weights greater than one and G’ be the graph con- 


structed by squaring the weights of edges in G. Let T and T’ be the minimum spanning 
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trees of G and G’, respectively, with total weights ¢ and ¢’. Which of the following 
statements is TRUE? (GATE 2012) 


(a) T’ = T with total weight 7’ = 7° 
(b) T’ = T with total weight £ < ? 
(c) T’ +T but total weight t = t 
(d) None of the above 


The correct order of arrangement of the names Bradman, Lamb, May, Boon, Border, 
Underwood and Boycott, so that the quicksort algorithm makes the least number of 
comparisons is 


(a) Bradman, Border, Boon, Boycott, May, Lamb, Underwood 
(b) Bradman, Border, Boycott, Boon, May, Underwood, Lamb 
(c) Underwood, Border, Boon Boycott, May, Lamb, Bradman 
(d) Bradman, May, Lamb, Border, Boon, Boycott, Underwood 


Which of the following is useful in traversing a given graph by breadth first search? 
(a) Stack (b) Set (c) List (d) Queue 
Which of the following is useful in implementing quick sort? 

(a) Stack (b) Set (c) List (d) Queue 
Queue can be used to implement 

(a) radix sort (b) quick sort 

(c) recursion (d) depth first search 

The expression tree given in Fig. 6.12 evaluates to 1, if 

(a) a =-bande=0 (b) a=-bande=1 

(c) a =bande =0 (d) a =bande=1 


A hash function randomly distributes records 
one by one in a space that can hold x number 
of records. The probability that the m"™ record 
is the first record to result in collision is 

(a) (x-1) (x-2)...(x-(m—2))(m-1) / x! 

(b) (x-1) (x-2)...(x-(m—-1))(m-1) / x" 

(c) (x-1) (x-2)...(x-(m—2))(m-1) / x" 


(d) (x-1) (x-2)...(x-(m—-1))(m-1) / x" Fig. 6.12 
The process of accessing data stored in a tape is similar to manipulating data on a 
(a) stack (b) queue (c) list (d) heap 


If the hashing function is the remainder on division, then clustering is more likely to 
occur if the storage space is divided into 40 sectors rather than 41. This conclusion is 


(a) more likely false (b) more likely true 
(c) is always false (d) none of the above 


Suppose a circular queue of capacity (n — 1) elements is implemented with an array of n 
elements. Assume that the insertion and deletion operations are carried out using REAR 
and FRONT as array index variables, respectively. Initially, REAR = FRONT = 0. 
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The conditions to detect queue full and queue empty are (GATE 2012) 

(a) full: (REAR+1) mod n == FRONT (b) full: (REAR+1) mod n == FRONT 
empty: REAR == FRONT empty: (FRONT+1) mod n== REAR 

(c) full: REAR == FRONT (d) full: (FRONT+1) mod n == REAR 
empty: (REAR+1) mod n == FRONT empty: REAR == FRONT 

The maximum degree of any vertex in a simple graph with n vertices is 

(a) n (b) n-1 (c) n+l (d) 2n-1 


The recurrence relation that arises in relation with the complexity of binary search is 
(a) T(n) = T(n/2) + k, where k is a constant 

(b) T(n) = 2T(n/2) + k, where k is a constant 

(c) T(n) = T(n/2) + log(n) 

(d) T(n) = T(n/2)+ n 

An item that is read as input can be either pushed to a stack and later popped and 


printed, or printed directly. Which of the following could be the output if the input is 
the sequence of items 1,2, 3,4,5? 


(a) 3, 4, 5, 1, 2 (b) 3, 4, 5, 2, 1 

(Le Sy 25. 37-4 (d) 5, 4, 3, 1, 2 

Which of the following algorithm design technique is used in the quick sort algorithm? 
(a) Dynamic programming (b) Backtracking 

(c) Divide and conquer (d) Greedy method 

Linked lists are not suitable for implementing 

(a) insertion sort (b) binary search 

(c) radix sort (d) polynomial manipulation 

Which one of the following statements is false? 


(a) Optimal binary search tree construction can be performed efficiently using dynamic 
programming. 
(b) Breadth-first search cannot be used to find connected components of a graph. 


(c) Given the prefix and postfix walks of a binary tree, the binary tree cannot be uniquely 
reconstructed. 


(d) Depth-first search can be used to find the connected components of a graph. 
The number of edges in a regular graph of degree d and n vertices is 
(a) maximum ofn,d (b) ntd (c) nd (d) nd/2 
Consider the following two functions. 
f(r) =n, if 0 <n < 10,000 
n’, otherwise 
g (n) =n, if 0<n< 100 
n’+5n, otherwise 
Which of the following is/are true? 
(a) f(n) is O(n’) (b) g(n) is O(n’) 
(c) O(f(n)) is same as O(g(n)) (d) g(n) is O(n’) 
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A 3-ary tree is a tree in which every internal node has exactly 3 children. The number 
of leaf nodes in such a tree with 6 internal nodes will be 


(a) 10 (b) 23 (c) 17 (d) 13 

Let G be a complete undirected graph on 6 vertices. If vertices of G are labeled, then 
the number of distinct cycles of length 4 in G is equal to (GATE 2012) 
(a) 15 (b) 30 (c) 90 (d) 360 

The correct matching for the following pairs is 

(A) All pairs shortest path (1) Greedy 

(B) Quick sort (2) Depth-first search 

(C) Minimum weight spanning tree (3) Dynamic programming 

(D) Connected Components (4) Divide and conquer 

(a) A-2, B-4, C-1, D-3 (b) A-3, B-4, C-1, D-2 

(c) A-3, B-4, C-2, D-1 (d) A-4, B-1, C-2, D-3 


A list of n strings, each of length n, is sorted into lexicographic order using the 
merge-sort algorithm. The worst case running time of this computation is 

(GATE 2012) 
(a) O (n log n) (b) O (n? log n) 
(c) O (n? + log n) (d) O ô 
A binary search tree contains the values — 1, 2, 3, 4, 5, 6, 7, and 8. The tree is traversed 
in preorder and the values are printed out. Which of the following sequences is a valid 
output? 
(a) 53124786 (b) 53126497 
(c) 53241678 (dd 53124768 
Let T(n) be the function defined by 

T0) =1,ifn=1 
= 2T(Ln/2])+ Vn, for n22 

Which of the following statements is true? 
(a) Tn) = O(n) (b) Tn) = O(n) 
(c) T(n) = O(log n) (d) None of the above 
Consider the directed graph shown in the figure below. There are multiple shortest paths 
between vertices S and T. Which one will be reported by Dijkstra’s shortest path al- 
gorithm? Assume that, in any iteration, the shortest path to a vertex v is updated only 
when a strictly shorter path to v is discovered. (GATE 2012) 


(a) SDT (b) SBDT (c) SACDT (d) SACET 
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. Assume 5 buffer pages are available to sort a file of 105 pages. The cost of sorting using 
m-way merge sort 1s 
(a) 206 (b) 618 (c) 840 (d) 926 
. Let G be a non-planar graph with the minimum possible number of edges. Then G has 
(GATE 2007) 


(a) 9 edges and 5 vertices (b) 9 edges and 6 vertices 
(c) 10 edges and 5 vertices (d) 10 edges and 6 vertices 
*121. Consider the DAG with V = {1, 2, 3, 4, 5, 6}, shown below: (GATE 2007) 
2 5 
1 4 
X 6 
Fig. 6.14 
Which of the following is NOT a topological ordering? 
(a) 123456 (b) 132456 (c) 132465 (d) 324165 
*122. The height of a binary tree is the maximum number of edges in any root to leaf path. 
The maximum number of nodes in a binary tree of height / is (GATE 2007) 
(a) 2-1 (b) 21-1 (ey 2"! -1 (da) 2%"! 
*123. The maximum number of binary trees that can be formed with three unlabeled nodes is 


(GATE 2007) 
(a) 1 (b) 5 (c) 4 (d) 3 


*124. Which of the following sorting algorithms has the lowest worst-case complexity? 
(GATE 2007) 
(a) Merge sort (b) Bubble sort 
(c) Quick sort (d) Selection sort 
*125. Which of the following graphs has an Eulerian circuit? (GATE 2007) 
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(a) Any k-regular graph where k is an even number 

(b) A complete graph on 90 vertices 

(c) The complement of a cycle on 25 vertices 

(d) None of the above 

The following postfix expression with single-digit operands is evaluated using a stack. 
823%/23*4+5 1*- 

Note that “ is the exponentiation operator. The top two elements of the stack after the 


first * is evaluated are. (GATE 2007) 
(a) 6, 1 (b) 5,7 (c) 3,2 (d) 1,5 
. The inorder and preorder traversal of a binary tree are (GATE 2007) 


dbeafeg and a bd e c f g respectively. 
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The postorder traversal of the binary tree is 
(a) de b f gca (b)e d bg f ca 
(c)e db f gca (d)d e f g beca 
Consider a hash table of size seven, with starting index zero, and a hash function 
(3x + 4) mod 7. Assuming the hash table is initially empty, which of the following is 
the contents of the table when the sequence 1,3,8,10 is inserted into the table using 
closed hashing? Note that — denotes an empty location in the table. (GATE 2007) 
(a) 8,-,-,-,-,-, 10 (b) 1, 8, 10, -, -, -, 3 
(c) 1l, —, —, —, —, —, 3 (d) 1, 10, 8, —, —, —, 3 
In an unweighted, undirected connected graph, the shortest path from a node S to every 
other node is computed most efficiently, in terms of time complexity, by 

(GATE 2007) 
(a) Dikstra’s algorithm starting from S (b) Warshall’s algorithm 
(c) Performing a DFS starting from S (d) Performing a BFS starting from S 
A complete n-ary tree is a tree in which each node has n children or no children. Let 
I be the number of internal nodes and L be the number of leaves in a complete n-ary 


tree. If L = 41, and J = 10, what is the value of n? (GATE 2007) 
(a) 3 (b) 4 (c) 5 (d) 6 
In the following C function, let n = m. (GATE 2007) 
int gcd(n, m) 
{ 
if (n%m == 0) return m; 
n = n%m; 


return gcd(m,n); 
} 
How many recursive calls are made by this function? 
(a) O(log,n) (b) Qn) (c) O(log, log) (d (Vn) 
What is the time complexity of the following recursive function? (GATE 2007) 
int DoSomething (int n) { 
if (n <= 2) 
return 1: 


else 
return(DoSomething (floor(sqrt(n))) +n); 
} 
(a) O(n’) (b) O(nlog,n) (c) O(log n) (d) O(log, logn) 


Consider the process of inserting an element into a Max Heap, where the Max Heap 
is represented by an array. Suppose we perform a binary search on the path from the 
new leaf to the root to find the position for the newly inserted element, the number of 
comparisons performed is 

(GATE 2007) 
(a) O(log,n) (b) O(log,log,n) (c) O(n) (d) O(nlog, n) 
Let w be the minimum weight among all edge weights in an undirected connected graph. 
Let e be a specific edge of weight w. Which of the following is FALSE? 

(GATE 2007) 


*135. 


*136. 


*137. 


*138. 
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(a) There is a mimnimum spanning tree containing e. 
(b) Ife is not in a minimum spanning tree T then in the cycle formed by adding e to T, 
all edges have the same weight. 
(c) Every minimum spanning tree has an edge of weight w. 
(d) e is present in every minimum spanning tree. 
An array of n numbers is given, where n is an even number. The maximum as well as 
the minimum of these n numbers needs to be determined. Which of the following is 
TRUE about the number of comparisons needed? (GATE 2007) 
(a) At least 2n — c comparisons, for some constant c, are needed. 
(b) At most 1.5” — 2 comparisons are needed. 
(c) At least nlog,n comparisons are needed. 
(d) None of the above 
Consider the following C code segment: (GATE 2007) 
int IsPrime(n) 
{ 
Mats ny 
for (1=2; i<=sqrt (n); i++) 
if (ni == 0) 
{printf (“Not Prime\n”); return 0; } 
return 1; 
} 

Let T(n) denote the number of times the for loop is executed by the program on input n. 
Which of the following is TRUE? 


(a) T(n) = O(n ) and T) = ANa ) (b) T(n) = OC Jn ) and T(n) = Q(1) 
(©) T(n) = O(n) and T(n) = Q( Jn ) (d) None of these 
The order of a leaf node in a B* tree is the maximum number of (value, data record 


pointer) pairs it can hold. Given that the block size is 1K bytes, data record pointer is 
7 bytes long, the value field is 9 bytes long and a block pointer is 6 bytes long, what 


is the order of the leaf node? (GATE 2007) 
(a) 63 (b) 64 (c) 67 (d) 68 
Statement for Linked Answer Questions 138 and 139: 


1111 1 1 
2’ 4’ 8 16’ 32’ 32 
Which of the following is the Huffman code for the letters a, b, c, d, e, f? 

(GATE 2007) 


Suppose the letters a, b, c, d, e, fhave probabilities , respectively. 


(a) 0, 10, 110, 1110, 11110, 11111 (b) 11, 10, 011, 010, 001, 000 
(c) 11, 10, 01, 001, 0001, 0000 (d) 110, 100, 010, 000, 001, 111 
What is the average length of the correct answer to Q. 138? (GATE 2007) 


(a) 3 (b) 2.1875 (c) 2.25 (d) 1.9375 
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*140. The Breadth First Search algorithm has been implemented using the queue data structure. 
One possible order of visiting the nodes of the following graph is (GATE 2008) 


Fig. 6.15 
(b) NQMPOR 
*141. The minimum number of comparisons required to determine if an integer appears more 


(a) MNOPQR (c) QMNPRO (d) QMNPOR 
than n/2 times in a sorted array of n integers is 


(a) O(n) (b) O(log n) 


The next two questions are based on the following two C functions: 
int £L (int n) 
{ 


(GATE 2008) 


(c) O(n log n) (d) O(1) 


if (n== || n==1) 
return n; 
else 
return (2*f1(n-1) + 3*f1(n-2)); 


} 
int f£2(int n) 
{ 


int a; 
int X[N], YIN], Z[N]; 
X[0] = Y[0O] = Z[0] = 0; 
X[1]=1; Y[1]=2; 2[1]=3; 
for (i = 2, i <= n; itt) { 
X[i] = Y[i-1] + 2Z[i-2]; 
Yli] = 2 * X[il]; 
Zi] Brow pa E 


return X[n]; 


} 


*142. The running time of fl (n) and f2 (n) are 


(a) O(n) and O(n) 
(c) 6(n) and 0(2”) 
*143. fl (8) and f2 (8) return the values 
(a) 1661 and 1640 
(c) 1640 and 1640 


(b) @(2”) and O(n) 
(d) 6(2”) and 6(2”) 


(b) 59 and 59 
(d) 1640 and 1661 


*144 


*145 
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The next two questions are based on the following information. 
Let x,, denote the number of binary strings of length n that contain no consecutive Os. 


. Which of the following recurrences does x,, satisfy? 
(a) Xn = 2x, (b) x, = xlna] t 1 
(C) Xn = Xna] tA (d) X, = Xp- + Xp_2 
. The value of x; is 
(a) 5 (b) 7 (c) 8 (d) 16 


The next two questions are based on the following information. 
The subset—sum problem is defined as follows. 
Given a set of n positive integers, S= {a ‚a ,a3,...,a,}, and positive integer W, is there 
a subset of S whose elements sum to W? A dynamic program for solving this problem 
uses a 2-dimensional Boolean array, X, with n rows and W+1 columns. 


X[ij], 1 <isn,0<j< W, is TRUE if and only if there is a subset of {a, ,a, „a3 ,...,a;} 


whose elements sum to /. (GATE 2008) 
*146. Which of the following is valid for 2 <i<nanda,;<j<W? 
(a) XZ =XT-La vX [i j- a;] b) X[Z/)=X[i-1, J] VX [i-Lj-a]] 
(ce) XZ HXT-L ya xXles- ai (d) X[E=XT- Li aX [i-1,j-a;] 
*147, Which entry of the array X, if TRUE, implies that there is a subset whose elements sum 
to W? 
(a) X[Z, W] (b) X[n, 0] (c) X[n, W] (d) X[n-J, n] 
*148. What is the chromatic number of an n-vertex simple connected graph which does not 
contain any odd length cycle? Assume n = 2. (GATE 2009) 
(a) 2 (b) 3 (c) n-1 (d) n 
*149. Which one of the following is TRUE for any simple connected undirected graph with 
more than 2 vertices? (GATE 2009) 


*150. 


*151. 


*152 


(a) No two vertices have the same degree. 

(b) At least two vertices have the same degree. 

(c) At least three vertices have the same degree. 

(d) All vertices have the same degree. 

What is the number of swaps required to sort n elements using selection sort, in the 

worst case? (GATE 2009) 

(a) 0(n) (b) O(n log n) (c) O(n") (d) O(n* log n) 

Which of the following statement(s) is/are correct regarding Bellman—Ford shortest path 

algorithm? (GATE 2009) 

P. Always finds a negative weighted cycle, if one exists. 

Q. Finds whether any negative weighted cycle is reachable from the source. 

(a) P only (b) Q only 

(c) Both P and Q (d) Neither P nor Q 

. The running time of an algorithm is represented by the following recurrence relation: 
(GATE 2009) 

n ns3 


Ea 7(2) +cn otherwise 
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Which one of the following represents the time complexity of the algorithm? 


(a) O(n) (b) O(n log n) (c) O(n" ) 


(d) O(n’ log n) 


*153. The keys 12, 18, 13, 2, 3, 23, 5 and 15 are inserted into an initially empty hash table of 
length 10 using open addressing with hash function h(k) = k mod 10 and linear prob- 


ing. What is the resultant hash table? 


œ joj | 


E 


Be 
| 


oe 
oo 


(d) [o] 
12, 2 
al | 
PGi | 
ajl | 
fs] 18 | 
o| | 


(GATE 2009) 


*154. What is the maximum height of any AVL-tree with 7 nodes? Assume that the height of 


a tree with a single node is 0. 
(a) 2 (b) 3 (c) 4 
*155. Consider the following graph: 


Fig. 6.16 


(GATE 2009) 
(d) 5 


Which one of the following is NOT the sequence of edges added to the minimum span- 


ning tree using Kruskal’s algorithm? 


(GATE 2009) 


*156. 


*157. 


*158. 


*159. 
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(a) (b.e) (ef) (a,c) (b,c) (£8) (c,d) (b) (b.e) (ef) (a,c) (Fg) (b,c) (c,d) 
(c) (b.e) (a,c) (ef) (b,c) (fg) (c.d) (d) (4,e) (ef) (b,c) (a,c) (fg) (cd) 
In quick sort, for sorting n elements, the (n/4)™ smallest element is selected as pivot us- 


ing an O(n) time algorithm. What is the worst case time complexity of the quick sort? 
(GATE 2009) 


(a) O(n) (b) (x log n) (c) O(n") (d) 00? log n) 
Consider the following statements about the cyclomatic complexity of the control flow 
graph of a program module. Which of these are TRUE? (GATE 2009) 


I. The cyclomatic complexity of a module is equal to the maximum number of linearly 
independent circuits in the graph. 
II. The cyclomatic complexity of a module is the number of decisions in the module plus 
one, where a decision is effectively any conditional statement in the module. 
Ill. The cyclomatic complexity can also be used as a number of linearly independent 
paths that should be tested during path coverage testing. 
(a) I and II (b) II and III (c) I and III (d) I, II and III 


The next two questions are based on the following information. 


A sub-sequence of a given sequence is just the given sequence with some elements 
(possibly none or all) left out. We are given two sequences X[m] and Y[n] of lengths 
m and n, respectively, with indexes of X and Y starting from 0. 

We wish to find the length of the longest common sub-sequence (LCS) of X[m] and Y [n] 
as /(m,n), where an incomplete recursive definition for the function /(i,/) to compute 
the length of the LCS of X[m] and Y[n] is given below: 


1(i,3) = 0y if either i=0 or 7=0 
= exprl, if i,j3>0 and X[i-1] = Y[j-1] 
= expr2, if i,j3>0 and X[i-1] # Y[j- 


Which one of the following options is correct? 

(a) exprl = 1(i - 1, j) + 1 

(b) exprl = Iip j - 1) 

(c) expr2 = max (l(i - 1, j), 1(i,3-1)) 


(d) expr2 = max (1l(i - 1, j - 1) , 1(i,3)) 

The values of /(i,j) could be obtained by dynamic programming based on the correct 

recursive definition of /(i,/) of the form given above, using an array L[M,N], where M 

= m+] and N=n+1, such that L[i j] = Kij). 

Which one of the following statements would be TRUE regarding the dynamic pro- 

gramming solution for the recursive definition of /(i,j)? 

(a) All elements of L should be initialized to 0 for the values of /(i,7) to be properly 
computed. 

(b) The values of /(i,/) may be computed in a row major order or column major order of 


> 
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(c) The values of /(i,7) cannot be computed in either row major order or column major 
order of L(M,N). 
(d) L[p,q] needs to be computed before L[r,s] if either p<r or q<s. 


Consider a binary max-heap implemented using an array. 
Answer the next two questions based on this information 


Which one of the following array represents a binary max-heap? 

(GATE 2009) 
(a) {25, 12, 16, 13, 10, 8, 14} (b) {25, 14, 13, 16, 10, 8, 12} 
(c) {25, 14, 16, 13, 10, 8, 12} (d) {25, 14, 12, 13, 10, 8, 16} 


What is the content of the array after two delete operations on the correct answer to the 
previous question? 

(a) {14, 13, 12, 10, 8} (b) {14, 12, 13, 8, 10} 

(c) {14, 13, 8, 12, 10} (d) {14, 13, 12, 8, 10} 


Let G = (V, E) be a graph. Define €(G) = Xu xd where i, is the number of vertices of 
d 
degree d in G. If S and T are two different trees with E(S) = &(7), then 


(GATE 2010) 


(a) Isl =2 IT] œ) Isl = [tT] -1 

œ) Isl = IT| (d) |s| = lT] +1 

In a binary tree with n nodes, every node has an odd number of descendants. Every node 
is considered to be its own descendant. What is the number of nodes in the tree that 
have exactly one child? (GATE 2010) 
(a) 0 (b) 1 (c) (n — 1)/2 (d) n-1 


Two alternative packages A and B are available for processing a database having 10% 
records. Package A requires 0.00017? time units and Package B requires 10 n log,gn 
time units to process n records. What is the smallest value of k for which Package B 
will be preferred over A? (GATE 2010) 
(a) 12 (b) 10 (c) 6 (d) 5 

Consider a B* tree in which the maximum number of keys in a node is 5. What is the 
minimum number of keys in any non-root node? 

(a) 1 (b) 2 (c) 3 (d) 4 

The degree sequence of a simple graph is the sequence of the degrees of the nodes in 
the graph in decreasing order. Which of the following sequences cannot be the degree 
sequence of any graph? 


I. 7, 6, 5, 4, 4, 3, 2, 1 II. 6, 6, 6, 6, 3, 3, 2, 2 
Ill. 7, 6, 6, 4, 4, 3, 2, 2 IV. 8, 7, 7, 6, 4, 2, 1, 1 
(a) I and II (b) III and IV (c) IV only (d) II and IV 


The next two questions are based on the following information: 


Consider a complete undirected graph with vertex set {0, 1, 2, 3, 4}. Entry W; in the 
matrix W below is the weight of the edge {i, j}. 


*167. 


*168. 
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01 8 1 4 
1 0 12 4 9 
W=)/8 12 0 7 3 
14 7 0 2 
49 3 2 0 


What is the minimum possible weight of a spanning tree T in this graph such that vertex 
0 is a leaf node in the tree T? 

(a) 7 (b) 8 (c) 9 (d) 10 

What is the minimum possible weight of a path P from vertex 1 to vertex 2 in this graph 
such that P contains at most 3 edges? 


(a) 7 (b) 8 (c) 9 (d) 10 


The next two questions are based on the following information. 


A hash table of length 10 uses open addressing with hash function h(k) = k mod 10, 
and linear probing. After inserting 6 values into an empty hash table, the table is as 
shown below. 


Which one of the following choices gives a possible order in which the key values could 
have been inserted in the table? 

(a) 46, 42, 34, 52, 23, 33 (b) 34, 42, 23, 52, 33, 46 

(c) 46, 34, 42, 23, 52, 33 (d) 42, 46, 33, 23, 34, 52 

How many different insertion sequences of the key values using the same hash function 
and linear probing will result in the hash table shown above? 

(a) 10 (b) 20 (c) 30 (d) 40 

The height of a tree is defined as the number of edges on the longest path in the tree. The 
function shown in the pseudocode below is invoked as height (root) to compute 
the height of a binary tree rooted at the tree pointer root. 
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int height (treeptr n) 


{ if (n == NULL) return -1; 
if (n = left == NULL) 
if (n > right == NULL) return 0; 
else return [B1 ; // Box 1 
else { hl = height (n > left); 
if (n > right == NULL) return (1+h1); 
else { h2 = height (n > right) ; 
return |B2 ; // Box 2 
} 
} 
} 
The appropriate expressions for the two boxes B1 and B2 are (GATE 2012) 
(a) B1: (1+height(n —> right)) (b) B1: (height(n > right)) 
B2: (1+max(hl, h2)) B2: (1+max(hl, h2)) 
(c) B1: height(n —> right) (d) B1: (1+height(n —> right)) 
B2: max(hl, h2) B2: max(hl, h2) 
Which one of the following is the tightest upper bound that represents the number of 
swaps required to sort n numbers using selection sort? (GATE 2013) 
(a) O(log n) (b) O(n) (c) O(n log n) (d) O(n’) 
Which one of the following is the tightest upper bound that represents the time com- 
plexity of inserting an object into a binary search tree of n nodes? (GATE 2013) 
(a) O(1) (b) O(log n) (c) O(n) (d) O(n log n) 
What is the time complexity of Bellman-Ford single-source shortest path algorithm on 
a complete graph of n vertices? (GATE 2013) 
(a) O(n") (b) O(n" log n) (c) O(n’) (d) O(n" log n) 


Consider an undirected random graph of eight vertices. The probability that there is an 
edge between a pair of vertices is 1/2. What is the expected number of unordered cycles 
of length three? (GATE 2013) 


(a) 1/8 (b) 1 (c) 7 (d) 8 
Which of the following statement is/are TRUE for undirected graphs? 
P: Number of odd degree vertices is even. 


Q: Sum of degrees of all vertices is even (GATE 2013) 
(a) P only (b) Q only 
(c) Both P and Q (d) Neither P nor Q 


The line graph Z(G) of a simple graph G is defined as follows: 
e There is exactly one vertex v(e) in L(G) for each edge e in G. 


e For any two edges e and e’ in G, L(G) has an edge between v(e) and v(e’), if and only 
if e and e’ are incident with the same vertex in G. 


Which of the following statements is/are TRUE? 
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(P) The line graph of a cycle is a cycle. 
(Q) The line graph of a clique is a clique. 
(R) The line graph of a planer graph is planar. 


(S) The line graph of a tree is a tree. (GATE 2013) 
(a) P only (b) P and R only 
(c) R only (c) P, Q and S only 


*178. The number of elements that can be sorted in O(log n) time using heap sort is 
(GATE 2013) 


logn 


(a) 00) (b) OC ylog x ) (c) oe] (d) © (log n) 


*179. Consider the following function: 
int unknown (int n) { 
inte ep Jy k=0; 
for (i=n/2; i<=n; i++) 
for (j=2; j<=n;  j=j*2) 
k = k + n/2; 


return (k) ; 
} 
The return value of the function is (GATE 2013) 
(a) @(n’) (b) O(n’ log n) (c) Oò) (d) O(n? log n) 


*180. The preorder traversal sequence of a binary search tree is 30, 20, 10, 15, 25, 23, 39, 35, 
42. Which one of the following is the postorder traversal sequence of the same tree? 


(GATE 2013) 
(a) 10, 20, 15, 23, 25, 35, 42, 39, 30 (b) 15, 10, 25, 23, 20, 42, 35, 39, 30 
(c) 15, 20, 10, 23, 25, 42, 35, 39, 30 (d) 15, 10, 23, 25, 20, 35, 42, 39 30 
*181. Consider the following operation along with Enqueue and Dequeue operations on 
queues, where k is a global parameter. 
MultiDequeue (Q) { 
m = k 
while (Q is not empty) and (m > 0) { 


Dequeue (Q) 
m = m- 1 


} 

What is the worst case time complexity of a sequence of n queue operations on an 
initially empty queue? 

(a) O(n) (b) O(n +k) (c) O(nk) (d) 00°) 
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loa 2. d 3. c 4. b 
5. d 6. d 7.a 8. b 
9. b 10. a 11. b 12. b 
13. d 14. c 15. c 16. c 
17. c 18. a 19. a 20. a 
21. a,b 22. b 23. b 24. c 
252°C 26. a 27. a,c, d 28. b,c 
29. a 30. a 3l. a 32. a 
33. b 34. c 35. d 36. d 
37. c 38. c 39. a 40. b 
4l. a 42. b 43. a 44. c 
45. a 46. b 47. b 48. d 
49. b 50. d 51. c 52. d 
53. a 54. b 55. a 56. b 
57. ¢ 58. a 59. a 60. d 
6l. a 62. a 63. d 64. a 
65. a,c, d 66. a,c,d 67. a,c 68. b 
69. a 70. a Tl. a 72. b,c 
73. d 74. d 75. b 76. a 
77. a 78. c 79. b 80. b 
81. b 82. d 83. d 84. c 
85. c 86. c 87. d 88. d 
89. c 90. c 91. c,d 92. b 
93. b 94. b 95. a,b 96. d 
97. a 98. a 99. a,b 100. a 
101. b 102. b 103. a 104. b 
105. a 106. b 107. c 108. b 
109. c 110. d lll. c,d 112. d 
113. e 114. b 115. b 116. d 
117. b 118. d 119. c 120. b 
121. d 122.--¢ 123. b 124. a 
125. a 126. a 127. a 128. b 
129. a 130. c 131. a 132. d 
133. a 134. d 135. b 136. b 
137. a 138. a 139. d 140. c 
141. b 142. b 143. c 144. d 
145. e 146. b 147. c 148. e 
149. b 150. a 151. a 152. a 
153. c 154. b 155. d 156. b 
157. d 158. c 159. d 160. c 
161. d 162. c 163. a 164. c 
165. c 166. d 167. d 168. b 
169. c 170. c 171. a 172. b 
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173. c 174. c 175. c 176. c 
177. a 178. c 179. b 180. d 
181. a 


EXPLANATIONS 


1. Post-order traversal yields 4, 5, 2, 6, 7, 3, 1. Comparing witha, b, -, 
cC, d, *, +, wegetthe labels ofnodes1, 2, 3, 4, 5, 6, 7 ast, -, *, 
a, b, c, d respectively. 

2. If it is to be used for sorting, label of left child should be less than the label of the cur- 
rent node. Coming down the tree, we get left child of node labeled 10 as the correct 
slot for 8. 

4. It is 12. The tree may be of depth 2 or 1. If the depth is 2, we have 6 possible trees. This 
is because one of the three nodes A, B, C may be the root and the next level may be 
one of the remaining two nodes. If the depth is 1, the root may be one of the 3 nodes 
A,B,C. Corresponding to a root, say A, two trees are possible as this. 


and 


Fig. 6.17 
This gives us 6 more possibilities. 
6. Each comparison puts one element in the final sorted array. In the worst case m+n—1 
comparisons are necessary. 
8. It will be one more than the size of the biggest cluster (which is 4) in this case. This is 
because, assume a search key hashing onto bin 8. By linear probing the next location 
for searching is bin 9. Then 0, then 1. If all these resulted in a miss, we try at bin 2 
and stop as it is vacant. This logic may not work if deletion operation is done before 
the search. 
9. A strictly binary tree with ‘n’ leaves must have (2n—1) nodes. Verify for some small 
‘n’. This can be proved by the principle of mathematical induction. 
10. If the depth is d, the number of nodes n will be 2*)-1. 
So, n+1 = 2 or d= log(n+1) — 1 
11. They can be drawn in a sheet of paper without edges crossing over, as shown below. 


Fig. 6.18 Fig. 6.19 
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For example, consider the binary search tree 
given in Qn.2. The inorder listing will be 1, 4, 
5, 6, 10, 11, 12, 30, i.e., the numbers arranged 
in ascending order. 

The 10 items il, i2, ..., i10 may be arranged 
in a binary search tree as in Fig. 6.20. To get 
i5, the number of comparison needed is 1; for 
i2, it is 2; for i8 it is 2; for il it is 3, and so 
on. The average is (1 + (2 + 2)+(3 +3 +3 + 


3)+(4 + 4 + 4))/10, i.e., 2.9. i 

f(37) = 37 mod 7 = 2. So, 37 

will be put in location 2. f(38) = 3. So, 38 will be in third location. 
£(72) = 2. This results in a collision. With linear probing as the collision resolving 


strategy, the alternate location for 72 will be the location 4 (i.e. next vacant slot in 
the current configuration). Continuing this way, the final configuration will be 98, 
567: 37, 38; L2 1h; 48. 

If the search key matches the very first item, with one comparison we can terminate. If it is 
second, two comparisons, etc. So, average is (1+2+...+n)/n, i.e., (a+1)/2 

Let m > n. Let m/n yield a quotient x and remainder y. So, m = n*x+y and y < m div 
3 is the quotient when m is divided by 3. So, that many times p is added, before we 
terminate recursion by satisfying the end condition Q(m, n) = 0, if m < n. Hence the 
result. 

Since the access is sequential, greater the distance, greater will be the access time. Since 
all the files are referenced with equal frequency, overall access time can be reduced by 
arranging them as in option (a). 

Refer Qn. 18. Since each file is referenced with equal frequency and each record in a 
particular file can be referenced with equal frequency, average access time will be 
(25 + (50 + 40) + (50 + 80 + 50) + ...)/6 = 268 (approximately). 

By definition of order, there exists constants cl, c2, nl, n2 such that 

T(n) S$cl x £(n), foralln n1. 

T(n) $c2xg(n), foralln > n2. 

Let N = max(nl, n2) andC = max(cl1,c2). So, 

T(n) <Cx f(n) foralln >N 

T(n) $Cxg(n) foralln >N 


Adding T(n)S$C/2 x (f(n)+g(n)) 
Without loss of generality, let max (£f (n), g(n)) = f(n). 
So, T(n) $C/2 (f£(n)+ f(a))<Cxf(n). 


So, order is f (n), which is max (£ (n), g(n)), by our assumption. 
By recursively applying the relation we finally arrive at 

T(m-1) = c(n-1) + T (1) = c(n-1)+d 

So, order is n. 
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The five possible trees are 


ILSNA 


Fig. 6.21 


Eight possible trees of depth 3. Six possible trees of depth 2. Altogether 14. 


Using Hoffman’s algorithm, code for a is 1111; bis 0; cis 110;dis1110;e is 10. 
Average code length is 


4x 0.12 + 1x0.4+3x0.15 + 4x 0.08 +2 x 0.25 = 2.15 
Let us find what is 7(4), 7(5), 7(6) is. 
T(4) = TB) + T2)- TA) =3+2-1=4 
7T(5) = K4) + TB) - T2) =44+3-2=5 
T(6) = T(5) + T(4) - 73) =54+4-3=6 
By induction it can be proved that T(n) = n. Hence order is n. 


Option (C) is not correct because the max property is not satisfied. 

Option (D) is not correct because the max property is not satisfied. 

Option (A) is not correct because it is not a heap (in a heap, all levels except the last 
must be complete). 

In the worst case it has to check all the 2” possible input combinations, which is expo- 
nential. 

The postfix equivalentis2 3 * 4 5 + -. For evaluating this using stack, starting 
from the left, we have to scan one by one. If it is an operand push. If it is an operator, 
pop it twice, apply the operator on the popped out entries and push the result onto the 
stack. If we follow this, we can find configuration in option (d) is not possible. 
Merge-sort combines two given sorted lists into one sorted list. For this problem let the 
final sorted order be - a, b, c, d. The two lists (of length two each) should fall into one 
of the following 3 categories. 

(i) a, b and c, d (ii) a, c and b, d (iii) a, d and b, c 

The number of comparisons needed in each case will be 2,3,3. So, average number of 
comparisons will be (2 + 3 + 3)/3 = 8/3 

Here is a better way of doing: 

Let list L1 have the items a,c and L2 have the items b,d. 

The tree drawn below, depicts the different possible cases. (a&b means a is compared 
with b. If a is smaller, the edge will be labeled a. The number within a circle, beside 
the leaf nodes, is the number of comparisons, needed to reach it.) 
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a&b 


Q, Oe oF Oo 
Fig. 6.22 

From the tree, we find there are 6 possible ways. Total number of comparisons needed 
is3 +3 +2+2+3+43= 16. So, average number of comparisons is 16/6 = 8/3. 
The maximum number of comparison is number of items x radix x number of digits 
i.e., 7X 10 x 4 = 280, 
Dijkstra’s algorithm solves single source shortest path problem. 
Warshall’s algorithm finds transitive closure of a given graph. 
Prim’s algorithm constructs a minimum cost spanning tree for a given weighted graph. 
Third row corresponds to node 3. From 3 to 1, there is no path, So, the entry (3,1) 
should be zero. Since there is a path from 3 to 2 and also from 3 to 3 (i.e., 3 => 2 — 3), 
the third row should be 0,1,1. 
Eccentricity of a given node is the maximum of minimum path from other nodes to the 
given node. 
Cost of minimum path from 1 to 5 is 7 
Cost of minimum path from 2 to 5 is 6 
Cost of minimum path from 3 to 5 is 4 
Cost of minimum path from 4 to 5 is 7 
Since the maximum is 7, eccentricity of node 5 is 7. 
Refer Qn. 49. 
Find eccentricity of all nodes. 
Eccentricity of node 1 is co 
Eccentricity of node 2 is 6 
Eccentricity of node 3 is 8 
Eccentricity of node 4 is 5 
Eccentricity of node 5 is 7 
Center of a graph is the node with minimum eccentricity. 
Total number of possible permutations for the previous problem is 5. For the four en- 
tries a,b, c,d the possibilities are a, followed by permutations of a,b,c which is 
5. b, followed by permutations of a,c, d, which is 5. The other possibilities are 
c,b,a,d ; c,d,b,a ; c,b,d,a ; d,c,b,a. Totally 14. 
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To be specific, it uses the bottom-up dynamic programming paradigm. 


The graph grows like a ladder. With the addition of each node, the lower of the two 
paths created would be added to the MST. Let M, denote the cost of the MST with n 
nodes. 


M, =3+4 
M,=3+4+6 


Ms=3+4+6+8 


M,=3+2(2+3+4+...+(n-1)=3+2 as) =3+n-n-2 


Length of the path would be 8 +4+3+6+4 10=31 

The tree whose preorder traversal yields * + 

A B- C D, is given in Fig. 6.23. Write the ig 

post-order traversal of the tree. That is the 

post-fix form. + = 
Let there be ‘n’ items to be searched, A fter the first 

search the list is divided into two, each of length 

n/2. After the next search, 2 lists, each of 4 B C D 
length n/4 and so on. This successive division 

has to stop when the length of list becomes 1. Fig. 6.23 

Let it happen after k steps. After the k steps, 

nl2* = 1, Solving, k = lon,n. Hence the order is log(n). 


Load factor is the ratio of number of records that are currently present and the total 
number of records that can be present. If the load factor is less, free space will be 
more. This means probability of collision is less. So, the search time will be less. 


If the new record hashes onto one of the six locations 7, 8, 9, 10, 1 or 2, the location 2 
will receive the new record. The probability is 6/10 (as 10 is the total possible number 
of locations). 

You can verify that the Ist, 3rd, 5th, 7th...probes check at location 5. 

The 2nd, 6th, 10th...probes check at location 8. 

The 4th, 8th, 12th...probes check at location 4. 

The rest of the address space will never be probed. 


If there is only one record, then the probability of a collision will be 1/100. If 2, then 
2/100 etc., If 9 then 9/100. So, the required probability is, (1 + 2 +3 ... 9)/100 = 0.45. 
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Consider the following binary tree of 6 nodes. 


Fig. 6.24 


Consider 6 distinct numbers—2, 6, 4, 14, 1, 10. In how many different ways can you 
label the tree (using these 6 distinct numbers) such that it is a binary search tree? First 
focus on the root node A. In how many different ways can you label the root node A? 
The given numbers are 1, 2, 4, 6, 10, 14 in ascending order. By definition of binary 
search tree, the labels of nodes B, D, and E, must be less than the label for node A. The 
labels of nodes C and F, must be greater than the label for node A. So, node A can be 
labeled in only one way with the label 6. Now consider the left sub-tree of node A. It 
is made up of the labels 1, 2, and 4. By definition of binary search tree, this sub-tree 
is a binary search tree by itself. In how many ways can you label node B? In only one 
way with the label 2. Repeatedly applying this logic, you can figure out that the whole 
tree can be labeled in only one way. In this example, the labels are 1 for node D, 2 for 
node B, 4 for node E, 6 for node A, 10 for node C, and 14 for node F. To conclude, 
if you are given an unlabeled binary tree of n nodes, and a set of n distinct numbers, 
there is only one way of labeling the tree with these numbers such that the resulting 
tree is a binary search tree. 

If the (1, 3) entry in M 3 is 2, it means there are 2 paths of length 3, connecting nodes 1 and 3. 
If you see the graph in option (a), there are 2 paths connecting 1 and 3, (1 ~ 24 3 > 3 and 
15353 53). 

In breadth first traversal the nodes are searched level by level. Starting with vertex A, 
the only next choice is B. Then C, then 1 and lastly 2. Comparing with ABCDE, option 
(a) is the correct answer. 

In the depth first traversal, we go as deep as possible before we backtrack and look for 
alternate branches. Here it yields ABC21. So, labels of nodes 1 and 2 should be E and 
D respectively. 


In topological sorting we have to list out all the nodes in such a way that whenever there 
is an edge connecting i and j, i should precede j in the listing. For some graphs, 
this is not at all possible, for some this can be done in more than one way. Option (d) 
is the only correct answer for this question. 

Strong component of a given graph is the maximal set of vertices such that for any two 
vertices i, j in the set, there is a path connecting i to j. Obviously vertex ‘d’ can’t be 
in the maximal set (as no vertex can be reached starting from vertex d). The correct 
answer is option (d). 
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Use Prim’s algorithm or Kruskal’s algorithm and verify the result. 
log n < n"? 

Multiplying by n on both sides, we get, n logn < n 
So, h <h 

Also, log fi = n, log f4 = (logan) (log n) implies f4 < fi 

Another way: 

Substitute a large number, say, 3100. for n in all the four functions. Compare the function 
values. 

Each comparison will append one item to the existing merge list. In the worst case one needs 
m +n -— | comparisons which is of order m+n. 


3/2 


It can be proved by induction that a strictly binary tree with ‘n’ leaf nodes will have a 
total of 2n — 1 nodes. So, number of non-leaf nodes is (2n—1)—n = n-1. 

Recursive programs take more time than the equivalent non-recursive version and so not 
efficient. This is because of the function call overhead. 

In binary search, since every time the current list is probed at the middle, random access is 
preferred. Since linked list does not support random access, binary search implemented 
this way is inefficient. 

The 5 binary trees are 


A A A A C 
< > A N Pa] 
C 26 C C A B 


Fig. 6.25 
If there are n elements, the worst-case running time complexity is log n. If there are 
n2”-elements, worst-case running time complexity will be 


log(n2”) = logn + log2” = logn + nlog2 = O(n) 
Find below the pictorial representation of the initial configuration of Towers of Hanoi. 


Source Auxiliary Destination 


Fig. 6.26 
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Let ¢(5, A, B, C) represent the time complexity of moving the top 5 discs of A to B with 
C as the intermediate. With this notational convention, the time complexity of Towers 
of Hanoi problem is, t(n, Source, Destination, Auxiliary). 
t(n, Source, Destination, Auxiliary) = t(n — 1, Source, Auxiliary, Destination) 

+ Time to move disc n from Source to Destination 

+ t(n—1, Auxiliary, Destination, Source) 
Let T(n) represent the time complexity of moving n discs from one location to another. 
The previous equation can be rewritten as, 
T(n) = T(n—1) + Constant time + T(n- 1) 
Planar graph is a graph that can be drawn in a plane without intersecting edges. More 
than one edge may start from the same node or end at the same node. A planar graph 
divides the plane into regions (aka faces). These regions are bound by the edges. The 
unbound region outside the graph is also considered a face. In any connected planar 
graph, (number of vertices) — (number of edges) + (number of faces) = 2 
So the number of faces in the given graph G is 2—10 + 15 = 7. One of these 7 is the 
unbound face. 
The Big-O is an upper bound on the run time of an algorithm (as a function of the input 
size n). 
The Big-Omega, Q, is a lower bound on the run time of an algorithm. 
The average time complexity cannot be worse than the worst-time complexity. Option 
(c) essentially means that the average case running time A(n), in the worst case is 
(justifies the use of O), as bad as the worst case running time W(n). Option (a) need 
not be true always. 
Blocking factor is the number of logical records that is packed to one physical record. 
Here in every 3 inch, there should be 2 inch of information. Hence 2 x 10 = 20 logical 
records. 
The given graph has two vertices of degree one whereas the graph in option (a) has 
three vertices of degree one. The given graph has one vertex of degree four whereas 
the graph in option (c) has no vertex of degree four. 


Find below the given graph with labeled vertices. Find below the given graph in option (b) 


with the vertices labeled. 
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Define a mapping from the vertex set of the given graph to vertex set of the graph in 
option (b) such that vertices with the same labels are mapped. This mapping preserves 
the edges and is hence, isomorphic. 

Note that the weights are greater than 1. For a number k> 1, K > k. Because of minimum 
spanning tree property, each iteration of Prim’s or Kruskal’s algorithm on G and G’ 
will add the same node to the partially constructed tree. So, T and T’ will be identical 
if you discard the weights. Let the total weight (7) of the MST on G be w; + w, + w3 
Poses, We 

The total weight of MST (t’) on G’ will be wf + wy tw; +... +w, 
Since the individual weights are greater than 1, 

We tw tw? +... tw? < (Ww, Ew + wz +... twy 

That is, ¢ < £? 

Let the first element be the pivot element always. The best way is the one that splits the 
list into two equal parts each time. This is possible if the pivot element is the median. 
Consider the given set of names or the equivalent set 1, 2, 3, 4, 5, 6, 7. Four is the 
median and hence should be the pivot element. Since the first element is the pivot 
element, 4 should be the first element. After the first pass, 4 will be put in the correct 
place and we are left with two sub lists 1, 2, 3 and 5, 6, 7. Since 2 is the median of 
1, 2, 3 the list should be rearranged as 2, 1, 3 or 2, 3, 1. For similar reasons 5, 6, 7 
should be rearranged as 6, 5, 7 or 6, 7, 5. 

Immediately after visiting a node, append it to the queue. After visiting all its children, 
the node currently in the head of the queue is deleted. This process is recursively car- 
ried out on the current head of the queue, till the queue becomes empty. 


2 


The corresponding expression is — (-a-b) +e!. This is 1 if a=—b and e is either 1 
or 0, since 1!=0!=1. 

Probability for the first record not colliding is x/x. 

Probability for the second record not colliding is x — 1/x. 

(This is because one place is already occupied. So, favorable number of cases is x—1). 
Probability for the third record not colliding is x — 2/x. 

Probability for the (m—1)" record not colliding is x — (m-—2)/x. 

Now the next (m") record is resulting in a collision. Out of the x places, it should hash to 
one of the (m-1) places already, filled. So probability is (m—1)/x. The required prob- 
ability is (x/x) (x — I/x) (x — 2/x) ... (x — (m — 2)/x) (m — 1/x) 

Let us assume that the array indexing starts from 0. Initial configuration when the queue 
is empty is FRONT = 0, REAR = 0. If you insert an element, FRONT = 0, REAR = 1. 
If you insert another element, FRONT = 0, REAR = 2. Inserting increases the REAR 
index by 1 but doesn’t alter the FRONT index. Also note that the REAR value is the 
array position of the last element of the queue + 1. If you insert another element, 
FRONT = 0, REAR = 3. Deleting the first element that was inserted makes FRONT 
= 1, REAR = 3. Deleting the second element that was inserted makes FRONT = 2, 
REAR = 3. Deleting increases the FRONT index by 1 but doesn’t alter the REAR in- 
dex. Deleting the third element that was inserted makes FRONT = 3, REAR = 3. We 
have deleted all the three elements that we had inserted. So we are left with an empty 
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queue, and its configuration is FRONT = 3, REAR = 3. In general, FRONT = REAR 
is the configuration that identifies an empty queue. What would be the configuration 
of a queue that is full? Since the maximum number of elements is n — 1, one of the n 
slots should be left vacant when the queue is full. Find below a queue that is full with 
FRONT = 0. 


Index Position: 0 1 2 3 4 ... n-2 n-Il 


Elements: Cast €1 €2 €3 €4 ++» Cast  <mandatory vacant slot> 


FRONT = 0; REAR = 7 — | (REAR is the index value following the current last element) 


Configuration of this queue that is full is such that (REAR + 1) mod” = (n-1 +1) 
mod n = 0= FRONT 


This condition, (REAR + 1) mod n = FRONT holds good for any queue that is full. 
For example, consider the queue that is full, with FRONT = 3. The queue in its circular 
implementation would look like, 


Index Position: 0 1 2 3 4 ... n—2 n-l 


Elements: €,-3 last <mandatory vacant slot> es, e€; ... @, 5 ĉn-4 


(REAR + 1) mod n = (2 + 1) mod n = 3 = FRONT 

In a regular graph, all the vertices will be of the same degree. Total degrees of all the 
vertices is nd. Each edge will be increasing the total degree by 2. So, totally nd/2 edges. 
It can be proved by induction that any 3-ary tree with internal nodes will have exactly 
2(n-1) + 3 leaf nodes. In this question n is 6. 


None of the listed answers seems correct. Four vertices make a cycle of length 4. 
Since it is a complete undirected graph, any four vertices could make a cycle of 
length four. Let the six vertices be A, B, C, D, E, and F. Let ABCD represent the 
four length cycle, Æ ~ B —> C —> D > A. Note that ABCD, BCDA, CDAB,... don’t 
represent distinct cycles. In how many ways can we choose 4 vertices from the given 
6 vertices? It is °C; = 15. How to justify the use of combination and not permuta- 
tion (why not °P,)? Actually both of them cannot be used. To understand this, the 
use of combination counts ABCD and all its 23 possible permutations as 1 cycle. 
However, some of these 23 permutations make different cycles. Such permutations 
are not included in the 15 combinations. How many do we include? If ABCD is 
one of the 15, we need to include three other permutations — ABDC; ACBD; ACDB, 
because they make different cycles. In other words, each of the 15 combinations 
represent four distinct cycles. So, total number of distinct cycles of length four is, 
15 x4 = 60. 

The average and worst-case performance of merge-sort, for sorting n numbers is 
O(n log n). Comparing two numbers takes O(1) time. Comparing two strings (each 
of length n) takes O(n) time. So, merge-sort would take O(n x n x log n) time in the 
worst case. 
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we 
a oF 


The tree for option (d) is: 


For the other options it is impossible to construct a binary search tree having the listed 
preorder. 


\ 


8 


Fig. 6.29 


Verify by applying the algorithm. 

In the first pass we can create [105/5] = 21 sorted sub-files, each 5 pages long. In the 
second pass by 4-way merging (4 because one of the 5 available buffers has to be 
reserved for holding the output), one can create [21/4] = 6 sorted sub-files, each 20 
pages long (except the last). Again applying 4-way merge sort, we get create [6/4]=2 
sorted sub-files. These two can be merged to get the final sorted file. We need a total 
of 4 passes. Total cost will be 2 x 105 x 4 = 840 units. 

Any non-planar graph has Ķ, or K,, as a subgraph. Both these subgraphs are non-planar. 
K, has 5 vertices and 10 edges. K,, has 6 vertices and 9 edges. Since we are interested 
in the non-planar with the fewest number of edges, option (B) is the correct choice. 
Note: K,refers to the complete graph with 5 vertices. K,,refers to the complete bipar- 
tite graph involving two sets of three vertices each. 

In topological ordering, if there is a directed edge connecting vertex a with vertex b, a 
must appear before b in the listing. In this case, 2 or 3 cannot be listed before 1. 

Can be proved by using the principle of mathematical induction on the height of the 
binary tree. Or, find the maximum number of nodes when the height is 1, 2, 3. Gener- 
alize for height A. 

Here are those 5 trees. 


OZAN 


Fig. 6.30 
Worst time complexity of bubble sort is 7. 
Worst time complexity of quick sort is n’. 
Worst time complexity of selection sort is n’. 
Worst time complexity of merge sort is n log n. 
In a k-regular graph, all the vertices are of degree k. If all the vertices in a graph have 
even degree, there exists an Eulerian circuit (or cycle). 
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Step # Stack Configuration Contents of Input Buffer Operation 

0 <Empty> CP e a 

1 8 P E Ae n SS Push 8 

2 82 SOY 23 e i a Push 2 

3 823 a a N Oa Push 3 

4 88 /23*+51*- Evaluate 2^3 and push the result 
5 1 238-51 e Evaluate 8/8 and push the result 
6 12 3*+51%*- Push 2 

7 123 Bae STFS Push 3 

8 KG ae Evaluate 2 * 3 and push the result 


Let us construct the tree from the given listings. The fact that the preorder traversal 
starts with the label a, indicates that the root of the tree we are constructing is a. The 
fact that d b e are listed before a in the inorder traversal indicates that the left subtree 
of the root node a, when traversed in inorder gives d b e. The fact that fc g are listed 
after a in the inorder traversal indicates that the right subtree of the root node a, when 
traversed in inorder gives fc g. Using these ideas, the tree we are constructing looks 
like the below figure. 


Fig. 6.31 
The postorder traversal of this tree isde bfgca. 
The collision resolution method is not given in the question. Assume it is the next empty 
location. 


The 1 gets hashed on to Location (3 + 4) mod 7, which is 0. The 3 gets hashed on to 
Location 6. The hash table at this stage looks like 


Location 0 1 2 3 4 5 6 
Value 1 3 
The 8 gets hashed on to Location (24 + 4) mod 7, which is 0. But Location 0 is already 
filled. So the next empty location (which is Location 1) will be used to store the value 
8. The hash table at this stage looks like 


Location 0 1 2 3 4 5 6 
Value 1 8 3 


The 10 gets hashed on to Location (30 + 4) mod 7, which is 6. But Location 6 is already 
filled. So the next empty location (which is Location 2) will be used to store the value 10. 


129. 


130. 


131. 


132. 


Data Structures and Algorithms 267 


The hash table at this stage looks like 


Location (0) 1 2 3 4 5 6 
Value 1 8 10 3 


Performing a BFS starting from S, runs quicker than Dijkstra’s algorithm. However, it 
is not guaranteed to find the shortest path. 

If the number of leaf nodes is n then there will be just 1 internal node. 

For the number of internal nodes to become 2, one of these n leaf nodes will have to 
become an internal node. If that happens, we will end up with n — / + n = 2n — 1 leaf 
nodes. 

For the number of internal nodes to become 3, one of these 2n—/ leaf nodes will have to 
become an internal node. If that happens, we will end up with 2n - 1- 1 +n = 3n-2 
leaf nodes. 


Let us tabulate these results to facilitate generalization. 


Number of leaf nodes (L) Number of internal nodes (1) 
n 1 
2n-1 2 
3n-2 3 
4n-3 4 
5n- 4 5 
hn- (h— 1) h 


We are given, hn — (h — 1) = 41 and A = 10. Solving 10n — (10 — 1) = 41, we get n = 5. 
A thorough explanation is beyond the scope of an under-graduate course in CS. Accord- 
ing to Lamé’s theorem, maximum comparisons are required when the two numbers are 
successive numbers in the Fibonacci sequence. Consider the numbers, 34 and 55. Count 
the number of comparisons required. Verify that option (A) is the right choice. 

The recursive relation for this recursive function is 
T(n) = T(n”) +n 
T(n”) = (n^ + n” 
T(n^) = T(n! 8) +n" 


We continue until this cannot be continued any more. This happens when the power of 
n evaluates to 2 (or less). After how many steps does this happen? Let it happen after 
k steps. After k steps, the power of n (in the first term) on the right-hand side will be, 
Af 2 
We stop when, 
1/2" 
n = 
Taking log (to the base 2), we get 
(1/2*) log,n = log,2 
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(1/2*)log,n = 1 (Since log,2 is 1) 
logn = 2* 
Taking log (to the base 2) again, we get, 


log,log,n = k 

Let there be n nodes in the heap. In case of an array implementation, parent of a node 
can be found in O(1) time. The worst-case scenario corresponds to the situation where 
the new element being inserted is the largest element. In such a situation, the right spot 
for this new element will be the root node. This requires log,n comparisons. 

Any minimum spanning tree must have at least one edge of weight w. However, a specific 
edge of weight w need not be present in every possible minimum spanning tree. 

Let a and b be two numbers. Just one comparison is needed to find the min(a,b) and the 
max(a, b). How many comparisons are needed to find the minimum and the maximum 
of four numbers a, b, c, and d? Let us group them in pairs — (a,b) and (c,d). One com- 
parison is needed to find the min(a,b) and the max(a,b). One comparison is needed to 
find the min(c,d) and the max(c,d). Comparing min(a,b) and min(c,d) gives the mini- 
mum of the four numbers a, b, c, and d. Comparing max(a,b) and max(c,d) gives the 
maximum of the four numbers a, b, c, and d. To summarize, we need 4 comparisons 
to find the min(a,b,c,d) and the max(a,b,c,d). 

How many comparisons are needed to find the minimum and the maximum of six 
numbers a, b, c, d, e, and f? As discussed above, we need 4 comparisons to find the 
min(a,b,c,d) and the max(a,b,c,d). We need one comparison to find min(e,f) and the 
max(e,f). Comparing min(a,b,c,d) and min(e,f) gives min(a,b,c,d,e,f). This needs one 
comparison. Comparing max(a,b,c,d) and max(e,f) gives max(a,b,c,d,e,f). This needs 
one comparison. In all, we need 7 comparisons to find the min(a,b,c,d,e,f) and the 
max(a,b,c,d,e,f). 

How many comparisons are needed to find the minimum and the maximum of eight 
numbers a, b, c, d, e, f, g, and h? As discussed above, we need 7 comparisons to find 
the min(a,b,c,d,e,f) and the max(a,b,c,d,e,f). We need one comparison to find min(g,h) 
and the max(g,4). Comparing min(a,b,c,d,e,f) and min(g,h) gives min(a,b,c,d,e,fig,h). 
This needs one comparison. Comparing max(a,b,c,d,e,f) and max(g,h) gives 
max(a,b,c,d,e,f,g,2). This needs one comparison. In all, we need 10 comparisons to 
find the min(a,b,c,d,e,f,g,h) and the max(a,b,c,d,e,f,g,h). 

We can reason out, adding two more numbers to our list necessitates 3 more compari- 
sons to find the minimum and the maximum. Let us tabulate the findings. 


Number of numbers Number of Comparisons Calculation 


n 1.5n -2 1 +3 X (n/2— 1) 
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The worst-case scenario is when the given number n is prime. The time complexity will be 


O(n ). The best case scenario is when the given number n is even. The time com- 
plexity will be Q(1). 
In a B* tree, the leaf nodes are linked to facilitate efficient range scan. In other words, a 
leaf node stores as many key-value pointer pairs as possible and, one block pointer that 
points to the next leaf node. In this case, the order is the L(1024-6)/ 16], which is 63. 
Find below the Huffman coding tree for these letters. 

1 1 1 1 1 

32 16 8 4 2 

0 0 0 0 0 
1 1 1 1 1 
32 1 16 1 8 1 4 1 2 1 } 
Fig. 6.32 

From this tree, we find that, the code for the letter 
ais 0; 
b is 10; 
c is 110; 
dis 1110; 
eis 11110; 
fis 11111 
Refer explanation to the above question. The code length of letter 
ais l; 
b is 2; 
c is 3; 
dis 4; 
e is 5; 
fis5 
So, the average length is, 
(1 x 1/2) + (2 x 1/4) + (3 x 1/8) + (4 x 1/16) + (5 x 1/32) + (5 x 1/32) = 1.9375 
Option A is not correct because the three nodes listed after M should be R, N, and Q in 
some order. 
Option B is not correct because the three nodes listed after N should be M, Q, and O in 


some order. 
Option D is not correct because what is listed P should be R. 


Since it is a sorted array, we can use binary search to identify the position of the first 
occurrence of the given integer in (log n) steps. If at all this integer repeats, its appear- 
ance has to be continuous because the array is sorted. 
The for loop in function f2 gets executed O(n) times. The body of the for loop takes 
O(1) time to execute. So, function f2 is of 0(n). 
For function fl, 
T(n)= 2T(n-1) + 3T(n-2), ifn > 1 
=], ifn=1 
=0,ifn=0 
For some small n, let us tabulate the values of n and corresponding T(n). 
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n |2|3| 4] 5 
T(n) | 217] 20| 61 


It is clear that the time complexity is not linear. 
Note: 

T(n) = T(n-1) + T(n-2); [In the context of time complexity, this is equivalent to 
2T(n-1) + 3T(n-2)] 

T(0) = TQ) = c; 

Let T(n) = a”. Now, a” =a"! + a”? 

Dividing throughout by a", we get, a=atl. Solving this would yield a = 
the golden ratio @. Hence, the time complexity is actually O(”). 


> 


1+/5 
2 


It can be noted that /2 is functionally same as fl, but uses memoization technique, and 
hence runs linearly. 


143. AO) = 0; A1) = 1; Rn) = 2fn-1) + 3ftn-2) 
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Hence, f(2) = 2; f(3) = 7; KA) = 20; A5) = 61; K6) = 182; A7) = 547; K8) = 1640. f2 is 
functionally same as fl, but uses memoization technique. 
Any binary string has to end with a 0 or an 1. 
Strings of length k + 1 (with no consecutive 0s) can be generated from strings of length 
k (with no consecutive 0s) by appending 

e 0 to each string of length k (with no consecutive Os) that ends with a 1 

e 1 to each string of length k (with no consecutive Os) that ends with a 1 

e 1 to each string of length k (with no consecutive Os) that ends with a 0 
Let there be f number of strings of length k (with no consecutive Os) that end with a 0. 
Let there be g number of strings of length k (with no consecutive Os) that end with a 1. 
How may strings in X,+; will end with a 0? 
It is, g 
How may strings in X,+; will end with a 1? 
It is, f+ g 
Let us tabulate some of the facts about X, 


Value of k | # of strings (with | # of strings (with | X, | Strings Enumberated 
no consecutive Os) | no consecutive 0s) 


ending with 0 ending with 1 
1 1 1 2 |0,1 
2 1 2 3 | 01, 10, 11 
3 2 3 5 | 010, 011, 101, 110, 111 
4 3 5 8 | 0101, 0110, 0111, 1010, 1011, 1101, 
1110, 1111 
5 5 8 13 | 01010, 01011, 01101, 01110, 01111, 


10101, 10110, 10111, 11010, 11011, 
11101, 11110, 11111 


Clearly, X, = X,_; + X2 
Another Way: 
Let P(n,1) be the number of strings (without consecutive Os) of length n that end with 1. 
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Let P(n,0) be the number of strings (without consecutive Os) of length n that end with 0. 
So, X, = P(n,1) + P(n,0) 

Now, X,,4, = 2P(n,1) + P(n,0) since only 1s can be appended to P(n,0) strings, but 0’s 
or 1’s can be appended to P(n,1) so as to satisfy the non-consecutive 0’s requirement. 


We can observe that X,,,, has P(n,1) strings that end with 0’s, and P(n,1) + P(n,0) 
strings that end with 1’s. 

Hence, X,+ = P(n,1) + 2 (P(n,1) + P(n,0)) = P(n,1) + P(n,0) + 2P(n,1) + P(n,0) = X, 
F Xni 

None of the given answer choices are correct. The correct answer is 13. Refer to the 
explanation of the previous question. 

Ifa subset of {a}, a, a3, ..., a;_, } can sum to W then by implication, there exists a subset of 
{@, a2, A3, ..., A; } that should sum to W. Hence, XTi, j] should be TRUE if XĮi -1, j] 
is TRUE. If X[i -1, j] is FALSE, then we check if X]i -1, j-ai] is TRUE. If so, X[i,/] 
is TRUE. 

Follows from the definition of the problem and the array notation. 

None of the listed choices looks correct. According to Brook’s theorem, the chromatic 
number is at most M where M is the maximum degree. 
Consider the following connected undirected graph. 
The degree of the vertex A is 2. 

The degree of the vertex B is 3. 

The degree of the vertex C is 3. 

The degree of the vertex D is 2. 

So, options 4, C, and D cannot be correct. 

Note that we are concerned about the swaps, not the comparisons. In the best case, there 
is no need for any swap. The best case scenario is when the given list of elements is 
already in sorted order. In the worst case, we need (n-1) swaps. For example, consider 
the list 10, 5, 6, 7, 8, 9. We need 5 swaps. To conclude, 0 < (the number of required 
swaps) < n 

Negative weighted cycle is a cycle whose edges, weights add up to a negative value. 
Method 1: 


T(n) = (2)+en=r(2)+ 24 en=7/ 2 Jtron.. 
3 9 3 27 9 3 


A B 


Fig. 6.33 


Let n = 3* for some k. (This means log;n = k) 
After (k-1) steps, 
1 1 1 1 
T(n) = cn (1+ rre hos Fyk a (because T(1) = 1) 
3 3 3 3 
It can be proved that the value of a geometric series in which the largest term is 1 is 
6(1). Using this result, T(n) is 0(n). 
Method 2: 
We can apply Master’s theorem. In the simplified form, it states, 
Let a= 1 be an integer and, b > 1 be a real number. Let c be a positive real number and 
d, a nonnegative real number. 
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Given a recurrence relation of the form 
on +n ifn>l 
d 


T (n) = if n=l 


where n is a power of b, then, 
1. iflog,a<c, T(n) = a(n‘), 
2. if log, a = c, T(n) = O(n‘ log n), 


3. if log,a>c, T(n) = o(n%") 

In this problem, a= 1, b=3,c=1. 

log, a = log,1 = 0. So, condition 1 is satisfied. The complexity of this algorithm is O(n). 
Option A is wrong because not all keys are hashed. 

Option B is wrong because not all keys are hashed. 

Option D is wrong because each location can hold only one key. 

One AVL-tree of height 3 is, 


Fig. 6.34 
Kruskal’s algorithm will pick the edge that has the smallest weight such that no cycles 
are formed. In option (d), (b,c) will not be selected, as there is an edge (a,c) of weight 3. 
If the list is evenly split at each and every step, the recursion depth will be log n, and 
the (worst) time complexity will be n log n. In the given scenario, the recursion depth 
cannot be greater than 2 log n. So the (worst) time complexity will still be bound by 
n log n. 
Cyclomatic complexity indicates the maximum number of test cases that are necessary 
to achieve complete branch coverage. 
Verify that the other options are wrong. 
The computation of L[r,s] involves L[p,g] when r>p and s>q. So L[p,q] should be com- 
puted first. 
Let the binary max-heap be implemented as an array X. The children of node x[i] will 
be x[2i+1] and x[2i+2]. Only the tree corresponding to option C is a binary max-heap. 


It is, 
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161. 25 and 16 are the two elements deleted. Removing the root node 25 yields the following 
tree. Note that removing the root node involves replacing it with the last element at the 
last level, followed by moving it down the tree to make the tree a binary max-heap. 


Fig. 6.36 
Removing the root node 16 yields the following tree. 


Fig. 6.37 
This binary max-heap has the array representation {14,13,12,8,10}. 
162. Note: If G = (V, E) is a graph, |G| denotes the number of vertices in G. 
What is the (S)? 
E is essentially, the sum of degrees of all the vertices in S. 
Draw two such different trees and conclude. A simple example could be the following 


trees: 
y 
Pan | 
B C C 
Fig. 6.38 Fig. 6.39 
(6 (S)=2+1+1=4) (E (S)=1+2+1=4) 


You can also reason out like this: 
Consider some tree, S. For our discussion, let it be the following tree. 
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wT. 
B C OD €E F 
Fig. 6.40 


&(S)=5+1+1+1+1+1=10. 
What happens if you remove the vertex F and make it a child of vertex B? 
You get a following tree, T. 


aN 
B C D E 
F 

Fig. 6.41 


This tree decreased the degree of vertex A by | but increased the degree of vertex B 
by 1. The degrees of the other nodes remain the same. In other words, the total degrees 
of all the vertices, which is the value of &, remains the same. These two trees have the 
same number of vertices. To conclude, we have two different trees with same number 
of vertices that have the same € value. This implies, options A, B, and D cannot be 
correct. 

Draw a simple binary tree with three nodes (a root node with two children) and conclude. 
If you draw a graph with number of records n in the x-axis and the processing time T(n) in 
the y-axis, you’ ll notice that for small values of n, Package A performs better than Package 
B. But eventually, package B performs better than Package A. At the break-even point, 
0.00017 = 10 n log,on. Simplifying, we get, n = 10° logion. Substituting, n = 10°, we get 
10> = k. So k will be a number between 5 and 6. If k is 5, Package A performs better 
than Package B. When Ñ is 6, Package B performs better than Package A. 

If m is the maximum number of keys in a node, the minimum number of keys in a node is 


IV cannot be a valid sequence because one node has degree 8, whereas the graph itself 
has only 8 nodes. 
Use Havel Hakimi algorithm to prove that I and III can be a valid sequence. 
Use Havel Hakimi algorithm to prove that II cannot be a valid sequence. 
We can use a variant of Prim’s algorithm, making sure vertex 0 is the leaf. 
We end up with two spanning trees: 

1. 0-1,1-3,3-4,4-2 (Weight 10) 

2. 0-3,1-3,3-4,4-2 (Weight 10) 
Containing only one edge: 

{1-2: Weight 12} 
Containing two edges: 

{1-0-2: Weight 9; 1-4-2: Weight 12; 1-3-2: Weight 11} 
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Containing three edges: 

{1-0-4-2: Weight 8; 1-3-4-2: Weight 9; 1-4-3-2: Weight 16} 

It can be seen that 1-0-4-2 is the shortest path with at most 3 edges, with weight 8. 
Let us solve by elimination. 

Option A — Not possible; Reason — If this is the order, 52 would have hashed to bucket 3. 
Option B — Not possible; Reason — If this is the order, 33 would have hashed to bucket 6. 
Option D — Not possible; Reason — If this is the order, 33 would have hashed to bucket 3. 
Since collisions are resolved by linear probing, we can infer the following facts. 

33 has to be the last item in any valid listing. 

In any valid listing, 52 should be preceded by either the 3 numbers (42, 23, 34) OR the 
four numbers (42, 23, 34, 46). 

So the question translates to, in how many different ways can the six numbers — 42, 23, 
34, 52, 46, 33 be arranged such that 


1. The last number is 33 AND 

2. Either the 3 numbers (42, 23, 34) OR the numbers (42, 23, 34, 46) precede 52. 
The number of possibilities in which 33 is the last number and exactly the 3 numbers 
(42, 23, 34) precede 52 is, 3! (three factorial) 
The number of possibilities in which 33 is the last number and exactly the 4 numbers 
(42, 23, 34, 46) precede 52 is, 4! 
So the total number of possibilities is, 3! + 4! = 6 + 24 = 30. 
Note that we are not talking of a balanced binary tree. The binary tree can be skewed 
left or right to any extent. If the tree is empty (meaning it does not have any node), its 
height is undefined by the given definition of height. This is implemented by returning 
—1 as the height. 
Now consider a tree with just the root node. The left sub-tree pointer and the right sub- 
tree pointer will be both null in this case. By the definition, height is 0. This is what 
returned by this function. 
Try to understand the logic of this recursive function for the non-trivial cases mentioned 
above, by manually driving the execution on a sample tree that is skewed. In the non- 
trivial case, the tree is neither empty nor has just one node - it will have a left sub-tree 
or a right sub-tree or both. Whatever be the scenario, 
Height of the given tree = Maximum (Height of the left sub-tree, Height of the right 
sub-tree) + 1 
Equivalently, 


height (n) = max (height(” — left), height (n — right) ) + 1 


Maximum number of required swaps is n — 1 
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Height of a binary search tree lies between log n and n. If it is balanced, it takes 
O (log n).Ifitis unbalanced, it takes O (n) time in the worst case. The worst case 
is the case in which we have only one node at each level. 


Let n be the number of vertices and e be the number of edges. Time complexity of this 
algorithm is O(n e). The number of edges in a complete graph of n vertices is "C, = 
n(n—1) 
2 

O(nn’) = O(n’). 

Any cycle of length 3 involves 3 vertices. From 8 given vertices, 3 vertices can be 
selected in 8C, ways. We use C instead of P because a cycle connecting node A to B 
to C to A, is same as the cycle connecting node B to A to C to B. Probability that an 


edge exists between two given vertices is 2. So, expected number of cycles of length 
three would be (4) (4) (4) 8C; = 7. 


The validity of statement Q can be proved like this — Let us start with a graph having 
only vertices but no edges. The sum of degrees is 0. Introduce one edge. The sum of 
degrees of all vertices will be 2. Introduction of a new edge always increases the sum 
of degrees of all vertices by 2. So, sum of degrees of all vertices has to be always even. 
We can use this result to prove statement P. 

The degree of a vertex has to be either even or odd. The sum of degrees of all vertices 
with even degree is even. This implies, the sum of degrees of all vertices with odd 
degree is even because if it is odd, the sum of degrees of all vertices will be odd. 


= O(n’). So the time complexity of this algorithm on a complete graph is, 


Draw a few simple graphs and construct the corresponding line graphs. Find below an 
example. 


Line Graph L(G) of G 


Simple Graph G P q 

A S B 

9 

t 
p t r 
e 
D q C 
S r 
Fig. 6.42 


Convince yourself that “the line graph of a cycle is a cycle” by constructing line graphs 
of simple graphs with cycles involving 3 or 4 nodes. 

The line graph of a clique need not be a clique. For example, consider the following 
clique. 
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A S B 
t 
p r 
u 
D q Cc 
Fig. 6.43 


The line graph will not be a clique because there will not a be an edge connecting 
nodes q and s. 
The line graph of a planar graph need not be planar. For example, the line graph of the 
following simple graph is not planar. 

A C 


Fig. 6.44 


The time complexity of heap sort is © (n log n), where n is the number of items to be 


logn should 


sorted. Let us verify that option (c) is correct. Substitution of n = 


simplify to O(logn) for option (c) to be correct. Substituting, loglogn 


logn logn logn 
O(n logn) = | log )-e —" Jloglogn — log log logn] |. 
loglogn loglogn elon. 8108 g log logn] 


By definition of time complexity, © is unaffected by dropping log log log n. 
1 
So, @(n logn) = ©| —È®— Jog log n | = O(log n). 
log log n 


The inner for loop gets executed O(log n) times because each iteration increases the 
value of j by a power of 2. The outer loop gets executed O(n) times. The statement, 
k= k + n/2; 


will be executed O(n log n) times because it is inside a nested for loop. The returned 


value will be : O(n log n) = O(n? log n). 
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180. Reconstruct the binary search tree from the given preorder listing. It looks like, 


181. 


The postorder traversal of this tree is, option (d). 

The while condition fails because the queue is empty. So, a call to the Mu/tiDequeue 
function returns in O(1) time (that is, constant time) if the queue is empty. So, 7 calls 
take O(v.1) = O(n) time. Note that if the queue had n items initially, n calls take 
O(n.n) = O(n’) time. This is because a call to Dequeue(Q) takes O(1) time but a call 
to MultiDequeue (Q) takes O(n) time. 


Fig. 6.45 
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Virtual memory is 

(a) an extremely large main memory 

(b) an extremely large secondary memory 

(c) an illusion of an extremely large memory 

(d) a type of memory used in super computers 

Let the time taken to switch between user and kernel modes of execution be ¢, while the 

time taken to switch between two processes be ¢,. Which of the following is TRUE? 

(GATE 2011) 

(a) > h 

(b) 1 =% 

(c) 1 <t 

(d) Nothing can be said about the relation between ¢, and f. 

A computer handles several interrupt sources of which the following are relevant for 

this question. (GATE 2011) 
e Interrupt from CPU temperature sensor (raises interrupt if CPU temperature is too high) 
e Interrupt from Mouse (raises interrupt if the mouse is moved or a button is pressed) 
e Interrupt from Keyboard (raises interrupt when a key is pressed or released) 
¢ Interrupt from Hard Disk (raises interrupt when a disk read is completed) 


Which one of these will be handled at the HIGHEST priority? 
(a) Interrupt from Hard Disk 


(b) Interrupt from Mouse 
(c) Interrupt from Keyboard 
(d) Interrupt from CPU temperature sensor 


. Page fault occurs when 


(a) the page is corrupted by application software 
(b) the page is in main memory 

(c) the page is not in main memory 

(d) one tries to divide a number by 0 
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A thread is usually defined as a “light-weight process” because an operating system 
(OS) maintains smaller data structures for a thread than for a process. In relation to 
this, which of the following is TRUE? (GATE 2011) 
(a) On per-thread basis, the OS maintains only CPU register state. 

(b) The OS does not maitain a separate stack for each thread. 

(c) On per-thread basis, the OS does not maintain virtual memory state. 

(d) On per-thread basis, the OS maintains only scheduling and accounting information. 


. Determine the number of page faults when references to pages occur in the order 


- 1,2, 4,5, 2, 1, 2, 4. Assume that the main memory can accommodate 3 pages and the 
main memory already has the pages 1 and 2, with page 1 having been brought earlier 
than page 2. (Assume LRU algorithm is used) 

(a) 3 (b) 5 

(c) 4 (d) none of the above 

Let the page fault service time be 10 ms in a computer with average memory access 
time being 20 ns. If one page fault is generated for every 10° memory accesses, what 
is the effective access time for the memory? (GATE 2011) 
(a) 21 ns (b) 30 ns (c) 23 ns (d) 35 ns 


. The page replacement policy that sometimes leads to more page faults when the size 


of the memory is increased is 

(a) FIFO (b) LRU 

(c) no such policy exists (d) none of the above 

Consider a hypothetical processor with an instruction of type LW R1, 20 (R2), 

which during execution reads a 32-bit word from memory and stores it in a 32-bit 

register R1. The effective address of the memory location is obtained by the addition 

of a costant 20 and the contents of register R2. Which of the following best reflects 

the addressing mode implemented by this instruction for the operand in memory? 
(GATE 2011) 

(a) Immediate Addressing (b) Register Addressing 

(c) Register Indirect Scaled Addressing (d) Base Indexed Addressing 

Working set (¢, k) at an instant of time, t, is the set of 

(a) k future references that the operating system will make 

(b) future references that the operating system will make in the next ‘k’ time units 

(c) k references with high frequency 

(d) pages that have been referenced in the last k time units 

Fragmentation is 

(a) dividing the secondary memory into equal sized fragments 

(b) dividing the main memory into equal-sized fragments 

(c) fragments of memory words used in a page 

(d) fragments of memory words unused in a page 
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Consider the following table of arrival time and burst time for three processes PO, P1 
and P2. (GATE 2011) 
Process Arrival time Burst Time 
PO 0 ms 9 ms 
P1 1 ms 4 ms 
P2 2 ms 9 ms 


The pre-emptive shortest job first scheduling algorithm is used. Scheduling is carried 
out only at arrival or completion of processes. What is the average waiting time for 
the three processes? 


(a) 5.0 ms (b) 4.33 ms (c) 6.33 ms (d) 7.33 ms 
Dijkstra’s banking algorithm in an operating system solves the problem of 

(a) deadlock avoidance (b) deadlock recovery 

(c) mutual exclusion (d) context switching 


An 8 KB direct-mapped write-back cache is organized as multiple blocks, each of 
32-byte size. The processor generators 32-bit addresses. The cache controller maintains 
the tag information for each cache block comprising of the following: (GATE 2011) 


1 Valid bit 

1 Modified bit 

As many bits as the minimum needed to identify the memory block mapped in the cache. 
What is the total size of memory needed at the cache controller to store meta-data (tags) 
for the cache? 
(a) 4864 bits (b) 6144 bits (c) 6656 bits (d) 5376 bits 
An operating system contains 3 user processes each requiring 2 units of resource R. The 
minimum number of required units of R such that no deadlock will ever occur is 
(a) 3 (b) 4 (c) 5 (d) 6 
An application loads 100 libraries at startup. Loading each library requires exactly one 
disk access. The seek time of the disk to a random location is given as 10 ms. Rotational 
speed of disk is 6000 rpm. If all 100 libraries are loaded from random locations on the 
disk, how long does it take to load all libraries? (The time to transfer data from the disk 
block once the head has been positioned at the start of the block may be neglected.) 


(GATE 2011) 
(a) 0.50 s (b) 1.50s (c) 1.25 s (d) 1.00 s 
Register renaming is done in pipelined processors (GATE 2012) 
(a) as an alternative to register allocation at compile time 
(b) for efficient access to function parameters and local variables 
(c) to handle certain kinds of hazards 
(d) as part of address translation 
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Consider the 3 processes, P1, P2 and P3 shown in the table. 
Process Arrival time Time Units Required 

P1 0 5 

P2 1 i; 

P3 3 4 
The completion order of the 3 processes under the policies FCFS and RR2 (round robin 
scheduling with CPU quantum of 2 time units) are (GATE 2012) 
(a) FCFS: P1, P2, P3 RR2: P1, P2, P3 (b) FCFS: P1, P3, P2 RR2: P1, P3, P2 
(c) FCFS: P1, P2, P3 RR2: P1, P3, P2 (d) FCFS: P1, P3, P2 RR2: P1, P2, P3 
Necessary conditions for deadlock are 
(a) non-preemption and circular wait (b) Mutual exclusion and partial allocation 
(c) both (a) and (b) (d) none of the above 
In a time-sharing operating system, when the time slot given to a process is 
completed, the process goes from the RUNNING state to the 
(a) BLOCKED state (b) READY state 
(c) SUSPENDED state (d) TERMINATED state 
At a particular time, the value of a counting semaphore is 10. It will become 7 after 
(a) 3 V operations (b) 3 P operations 
(c) 5 V operations and 2 P operations (d) 13 P operations and 10 V operations 
Fetch And Add(X, i) is an atomic Read-Modify-Write instruction that reads the 


value of memory location X, increments it by the value i, and returns the old value of 
X. It is used in the pseudocode shown below to implement a busy-wait lock. L is an 
unsigned integer shared variable initialized to 0. The value of 0 corresponds to lock being 
available, while any non-zero value corresponds to the lock being not available. 


AcquireLock (L) { 

while (Fetch And Add(L, 1)) 

L = 1; 

} 
Releaselock(L) { 

Tit OF 
} 
This implementation (GATE 2012) 
(a) fails as L can overflow 
(b) fails as L can take on a non-zero value when the lock is actually available 
(c) works correctly but may starve some processes 
(d) works correctly without starvation 
Semaphores are used to solve the problem of 
(a) race condition (b) process synchronization 
(c) mutual exclusion (d) none of the above 
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If the property of locality of reference is well pronounced in a program 

(a) the number of page faults will be more 

(b) the number of page faults will be less 

(c) the number of page faults will remain the same 

(d) execution will be faster 

At a particular time of computation, the value of a counting semaphore is 7. Then 20 
P operations and ‘x’ V operations were completed on this semaphore. If the final 
value of the semaphore is 5, x will be 

(a) 15 (b) 22 (c) 18 (d) 13 
Consider the virtual page reference string 

1, 2,3,2,4, 1, 3, 2, 4, 1 

on a demand paged virtual memory system running on a computer system that has main 
memory size of 3 page frames which are initially empty. Let LRU, FIFO and OPTIMAL 
denote the number of page faults under the corresponding page replacement policy. 


Then (GATE 2012) 
(a) OPTIMAL < LRU < FIFO (b) OPTIMAL < FIFO < LRU 
(c) OPTIMAL = LRU (d) OPTIMAL = FIFO 


Statement for Linked Answer Questions 27 and 28: 


A computer has a 256 KByte, 4-way set associative, write back data cache with block 
size of 32 Bytes. The processor sends 32 bit addresses to the cache controller. Each 
cache tag directory entry contains, in addition to address tag, 2 valid bits, 1 modified 
bit and 1 replacement bit. 


The number of bits in the tag field of an address is (GATE 2012) 
(a) 11 (b) 14 (c) 16 (d) 27 

The size of the cache tag directory is (GATE 2012) 
(a) 160 Kbits (b) 136 Kbits (c) 40 Kbits (d) 32 Kbits 
A scheduling algorithm assigns priority proportional to the waiting time of a process. 


Every process starts with priority zero (the lowest priority). The scheduler re-evaluates 
the process priorities every 7 time units and decides the next process to schedule. Which 
one of the following is TRUE if the processes have no I/O operations and all arrive at 
time zero? (GATE 2013) 


(a) This algorithm is equivalent to the first-come-first-serve algorithm. 

(b) This algorithm is equivalent to the round-robin algorithm. 

(c) This algorithm is equivalent to the shortest-job-first algorithm. 

(d) This algorithm is equivalent to the shortest-remaining-time-first algorithm. 

Some computer systems support dual mode operation—the user mode and the 
supervisor or monitor mode. These refer to the modes 

(a) by which user programs handle their data 

(b) by which the operating system executes user programs 

(c) in which the processor and the associated hardware operate. 

(d) of memory access 
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Disk scheduling involves deciding 

(a) which disk should be accessed next 

(b) the order in which disk access requests must be serviced 

(c) the physical location where files should be accessed in the disk 
(d) none of the above 


A computer system has 6 tape drives, with ‘n’ processes competing for them. Each 
process may need 3 tape drives. The maximum value of ‘n’ for which the system is 
guaranteed to be deadlock free is 


(a) 2 (b) 3 (c) 4 (d) 1 
Dirty bit is used to show the 

(a) page with corrupted data 

(b) wrong page in the memory 

(c) page that is modified after being loaded into cache memory 

(d) page that is less frequently accessed 


Fence register is used for 

(a) CPU protection (b) memory protection 

(c) file protection (d) all of the above 

Which of the following is a service not supported by the operating system? 

(a) Protection (b) Accounting 

(c) Compilation (d) I/O operation 

The first-fit, best-fit and the worst-fit algorithms can be used for 

(a) contiguous allocation of memory (b) linked allocation of memory 

(c) indexed allocation of memory (d) all of the above 

Three concurrent processes X, Y, and Z execute three different code segments that 


access and update certain shared variables. Process X executes the P operation (i.e., 
wait) on semaphores a, b and c, process Y execute the P operation on semaphores b, 
c and d; process Z executes the P operation on semaphores c, d, and a before entering 
the respective code segments. After completing the execution of its code segment, each 
process invokes the V operation (i.e., signa/) on its three semaphores. All semaphores 
are binary semaphores initialized to one. Which one of the following represents a 
deadlock-free order of invoking the P operations by the processes? (GATE 2013) 
(a) X: P(a)P(6)P(c) Y: P(b) P(c)P(d) Z: P(c)P(d) P(a) 

(b) X: P(b) P(a) P(c) Y: P(b) P(c)P(d) Z: P(a)P(c)P(d) 

(c) X: P(b) P(a)P(c) Y: P(c) P(b) P(d) Z: P(a)P(c)P(d) 

(d) X: P(a)P(b)P(c) Y: P(c) P(b)P (d) Z: P(c)P(d) P(a) 

In Round Robin CPU scheduling, as the time quantum is increased, the average turn 
around time 

(a) increases (b) decreases 

(c) remains constant (d) varies irregularly 
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In a k-way set associative cache, the cache is divided into v sets, each of which consists 
of k lines. The lines of a set are placed in sequence one after another. The lines in set 
s are sequenced before the lines in set (s + 1). The main memory blocks are numbered 
0 onwards. The main memory block numbered j must be mapped to any one of the 


cache lines from. (GATE 2013) 
(a) G mod v) * k to G mod v) * k+ (k— 1) (b) G mod v) to (j mod v) + (k — 1) 
(c) G mod k) to (j mod k) + (v— 1) (d) (j mod k) * v to (j mod k) * v+ (v- 1) 


Consider a hard disk with 16 recording surfaces (0—15) having 16384 cylinders (0—16383) 
and each cylinder contains 64 sectors (0-63). Data storage capacity in each sector is 
512 bytes. Data are organized cylinder-wise and the addressing format is <cylinder no., 
surface no., sector no.>. A file of size 42797 KB is stored in the disk and the starting 
disk location of the file is <1200, 9, 40>. What is the cylinder number of the last sector 
of the file, if it is stored in a contiguous manner? (GATE 2013) 


(a) 1281 (b) 1282 (c) 1283 (d) 1284 

In a paged memory, the page hit ratio is 0.35. The time required to access a page in 
secondary memory is equal to 100 ns. The time required to access a page in primary 
memory is 10 ns. The average time required to access a page is 

(a) 3.0 ns (b) 68.0 ns (c) 68.5 ns (d) 78.5 ns 


A shared variable x, initialized to zero is operated on by four concurrent processes 
W, X, Y, Z as follows. Each of the processes W and X reads x from memory, increments 
by one, stores it to memory, and then terminates. Each of the processes Y and Z reads 
x from memory, decrements by two, stores it to memory, and then terminates. Each 
process before reading x invokes the P operation (i.e., wait) on a counting semaphore 
S and invokes the V operation (i.e., signal) on the semaphore S after storing x to memory. 
Semaphore S is initialized to two. What is the maximum possible value of x after all 
processes complete execution? (GATE 2013) 
(a) -2 (b) —1 (c) 1 (d) 2 

A certain computation generates two arrays a and b such that a[i] = f(i) for 
0<i<nandb[i] = g(a[i]) for0 <i<n. Suppose this computation is decom- 
posed into two concurrent processes X and Y such that X computes the array a and 
Y computes the array b. The processes employ two binary semaphores R and S, both 
initialized to zero. The array a is shared by the two processes. The structures of the 
processes are shown below. 


Process X: Process Y: 

Private i; Private i: 

for (i = O; i<n; itt) { for (i=0; i<n; i++) { 
a PEN =E EntryY (R, S) ; 
ExistX (R, S) ; b[i] = g(a[i]) ; 


} } 
Which one of the following represents the CORRECT implementations of ExitX 
and EntryY? 
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(a) ExitX(R, S) { (b) ExitX(R, S) { 
P(R) ; V(R) ; 
V(S) ; V(S) ; 
} } 
EntryY (R, S) { EntryY (R, 5) { 
P(S) ; P(R) ; 
V(R) ; P(S) ; 
} } 
(c) ExitX(R, S) { (d) ExitX(R, S) { 
P(S) ; V(R) ; 
V(R) ; P(S) 7 
} } 
EntryY(R, S) { EntryY(R, S) { 
VEJ y V(S) ; 
P(R) ; P(R) ; 
} } 
In a multi-user operating system, 20 requests are made to use a particular resource per 


hour, on an average. The probability that no requests are made in 45 minutes is 
(a) e" (b) e° (c) 1- e” (d) 1- e” 
In which of the following scheduling policies does context switching never take place? 
(a) Round-robin (b) Shortest job first 
(c) Pre-emptive (d) First-come-first-served 
A system has n resources Rọ ...., R,;, and k processes Po,..., P,_,. The implementation 
of the resource request logic of each process P,. is as follows: 
if (1%2==0) { 
if (i<n) request R; ; 
if (i+2<n) request Ri. 7 
} 
else { 
if (i<n) request Ra- ; 
if (i+2<n)request R, i> ; 


} 


In which one of the following situations is a deadlock possible? (GATE 2010) 
(a) n= 40, k = 26 (b) n=21,k=12 
(c) n= 20, k= 10 (d) n=41,k=19 
Suppose that a process is in ‘BLOCKED’ state waiting for some I/O service. When the 


service is completed, it goes to the 
(a) RUNNING state (b) READY state 
(c) SUSPENDED state (d) TERMINATED state 


*48. 


*49, 


*50. 


*51. 


Operating Systems 287 


The following program consists of 3 concurrent processes and 3 binary semaphores. 
The semaphores are initialized as SO = 1, S1 = 0, S2 = 0. (GATE 2010) 
Process PO Process Pl Process P2 
while (true) { wait (S1); wait (S2); 
wait (SO); release (S0); |release (S0); 


Print, 0n; 
release (S1); 


release (S2); 


} 


How many times will process PO print ‘0°? 


(a) At least twice (b) Exactly twice 
(c) Exactly thrice (d) Exactly once 
Which of the following statements are true? 


I. Shortest remaining time first scheduling may cause starvation 
II. Preemptive scheduling may cause starvation 


II. Round robin is better than FCFS in terms of response time (GATE 2010) 
(a) I only (b) I and III only (c) I and II only (d) I, II and IM 
A system uses FIFO policy for page replacement. It has 4 page frames with no pages 


loaded to begin with. The system first accesses 100 distinct pages in some order and 
then accesses the same 100 pages but now in the reverse order. How many page faults 


will occur? (GATE 2010) 
(a) 196 (b) 192 (c) 197 (d) 195 
Consider the methods used by processes P1 and P2 for accessing their critical sections 
whenever needed, as given below. The initial values of shared boolean variables S1 
and S2 are randomly assigned. (GATE 2010) 
Method used by P1 Method used by P2 

while (S1 = = S2) ; while (S1 != S2) ; 

Critical Section Critical Section 

S1 = S2; S2 = not (S1); 


Which one of the following statements describes the properties achieved? 
(a) Mutual exclusion but not progress 

(b) Progress but not mutual exclusion 

(c) Neither mutual exclusion nor progress 

(d) Both mutual exclusion and progress 
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The next five questions are based on the following information. 


Consider a set of 5 processes whose arrival time, CPU time needed and the priority \ 
are given below: 


Process Priority Arrival Time (in ms) CPU Time Needed (in ms) Priority 
Pl 0 10 5 
P2 0 5 2 
P3 2 3 1 
P4 5 20 4 
P5 10 2 3 
\Note: Smaller the number, higher the priority. A 
*52. Ifthe CPU scheduling policy is FCFS, the average waiting time will be 
(a) 12.8 ms (b) 8 ms 
(c) 16 ms (d) none of the above 
*53. If the CPU scheduling policy is SJF, the average waiting time (without pre-emption) 
will be 
(a) 12.8 ms (b) 6.8 ms 
(c) 17 ms (d) none of the above 
*54. If the CPU scheduling policy is SJF with pre-emption, the average waiting time will be 
(a) 8 ms (b) 14 ms 
(c) 5.6 ms (d) none of the above 
*55. If the CPU scheduling policy is priority scheduling without pre-emption, the average 
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waiting time will be 


(a) 12.8 ms (b) 11.8 ms 

(c) 10.8 ms (d) none of the above 

If the CPU scheduling policy is priority scheduling with pre-emption, the average 
waiting time will be 

(a) 19 ms (b) 7.6 ms 

(c) 8 ms (d) none of the above 

In partitioned memory allocation scheme, the 


(a) best fit algorithm is always better than the first fit algorithm. 

(b) first fit algorithm is always better than the best fit algorithm. 

(c) superiority of the first fit and best-fit algorithms depend on the sequence of memory 

requests. 

(d) none of the above 

Which of the following concurrency control protocols ensure both conflict serializability 

and freedom from deadlock? (GATE 2010) 
I. 2-phase locking 

II. Time-stamp ordering 

(a) I only (b) II only 

(c) Both I and II (d) Neither I nor II 
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A multilevel page table is preferred in comparison to a single level page table for 

translating virtual address to physical address because (GATE 2009) 

(a) it reduces the memory access time to read or write a memory location. 

(b) it helps to reduce the size of page table needed to implement the virtual address space 
of a process. 

(c) it is required by the translation look aside buffer. 

(d) it helps to reduce the number of page faults in page replacement algorithms. 

Consider a system having ‘m’ resources of the same type. These resources are shared 

by 3 processes 4, B, C, which have peak time demands of 3, 4, 6 respectively. The 

minimum value of ‘m’ that ensures that deadlock will never occur is 

(a) 11 (b) 12 (c) 13 (d) 14 

A system has 3 processes sharing 4 resources. If each process needs a maximum of 

2 units then, deadlock 

(a) can never occur (b) may occur 

(c) has to occur (d) none of the above 

‘m’ processes share ‘n’ resources of the same type. The maximum need of each process 

doesn’t exceed ‘n’ and the sum all their maximum needs is always less than m + n. 

In this setup deadlock 

(a) can never occur (b) may occur 

(c) has to occur (d) none of the above 

A process refers to 5 pages, A, B, C, DandEintheorder-A; B; C; D; A; 

B; E; A; B; C; D; E. Ifthe page replacement algorithm is FIFO, the number 

of page transfers with an empty internal store of 3 frames is 

(a) 8 (b) 10 (c) 9 (d) 7 


Statement for Linked Answer Questions 64 and 65: 


A process has been allocated 3 page frames. Assume that none of the pages of the 
process are available in the memory initially. The process makes the following sequence 
of page references (reference string): 1, 2, 1, 3, 7, 4, 5, 6, 3, 1. 

If optimal page replacement policy is used, how many page faults occur for the above 
reference string? (GATE 2007) 
(a) 7 (b) 8 (c) 9 (d) 10 

Least Recently Used (LRU) page replacement policy is a practical approximation to 
optimal page replacement. For the above reference string, how many more page faults 
occur with LRU than with the optimal page replacement policy? (GATE 2007) 
(a) 0 (b) 1 (c) 2 (d) 3 

Consider a system with 4 types of resources R1 (3 units), R2 (2 units), R3 (3 units), 
R4 (2 units). 

A non-preemptive resource allocation policy is used. At any given instance, a request is 
not entertained if it cannot be completely satisfied. Three processes P1, P2, P3 request 
the resources as follows if executed independently. (GATE 2009) 


290 MCQs in Computer Science 
Process P1: Process P2: Process P3: 
: requests 2 units of R2 | t = 0: requests 2 units of R3 : requests | unit of R4 
: requests 1 unit of R3 | t = 2: requests 1 unit of R4 : requests 2 units of R1 
: requests 2 units of R1 | t = 4: requests 1 unit of R1 : releases 2 units of R1 
: releases 1 unit of R2 | t = 6: releases 1 unit of R3 : requests 1 unit of R2 
and 1 unit of R1. t = 8: Finishes : requests 1 unit of R3 
: releases 1 unit of R3 : Finishes 
: requests 2 units of R4 
= 10: Finishes 
Which one of the following statements is TRUE if all three processes run concurrently 
starting at time ¢ = 0? 
(a) All processes will finish without any deadlock. 
(b) Only P1 and P2 will be in deadlock. 
(c) Only P1 and P3 will be in a deadlock. 
(d) All three processes will be in deadlock. 
*67. In Question 63, if the number of available page frames is increased to 4 then the number 
of page transfers 
(a) decreases (b) increases 
(c) remains the same (d) none of the above 
*68. The essential content(s) in each entry of a page table is/are 
(GATE 2009) 
(a) virtual page number 
(b) page frame number 
(c) both virtual page number and page frame number 
(d) access right information 
*69. If there are 32 segments, each of size 1 kbytes, then the logical address should have 
(a) 13 bits (b) 14 bits (c) 15 bits (d) 16 bits 
*70. Disk requests come to a disk driver for cylinders in the order 10, 22, 20, 2, 40, 6 and 
38, at a time when the disk drive is reading from cylinder 20. The seek time is 6 ms 
per cylinder. The total seek time, if the disk arm scheduling algorithm is first-come- 
first-served is 
(a) 360 ms (b) 850 ms 
(c) 900 ms (d) none of the above 
71. In Question 70, if the scheduling algorithm is the closest cylinder next, then the total 
seek time will be 
(a) 360 ms (b) 876 ms (c) 850 ms (d) 900 ms 
*72. A certain moving arm disk storage with one head has following specifications: 


Number of tracks / recording surface = 200 
Disk rotation speed = 2400 rpm 


Track storage capacity = 62500 bits 
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The average latency time (assume that the head can move from one track to another 
only by traversing the entire track) is 


(a) 2.5 s (b) 2.9 s (c) 3.1 s (d) 3.68 


In which one of the following page replacement policies, Belady’s anomaly may occur? 
(GATE 2009) 

(a) FIFO (b) Optimal (c) LRU (d) MRU 

Which of the following scheduling algorithms gives minimum average waiting time? 

(a) FCFS (b) SJF (c) Round-robin (d) Priority 

In Question 72, the transfer rate will be 

(a) 2.5 Mbits/s (b) 4.25 Mbits/s (c) 1.5 Mbits/s (d) 3.75 Mbits/s 

In a paged segmented scheme of memory management, the segment table itself must 


have a page table because 

(a) the segment table is often too large to fit in one page 

(b) each segment is spread over a number of pages 

(c) segment tables point to page tables and not to the physical location of the segment 
(d) the processor’s description base register points to a page table 


Which of the following page replacement algorithms suffers from Belady’s anomaly? 
(a) Optimal replacement (b) LRU 

(c) FIFO (d) Both optimal replacement and FIFO 
Which of the following scheduling policy is well suited for a time-shared operating 
system? 

(a) Shortest job first (b) Round robin 

(c) First-come-first-serve (d) Elevator 

The address sequence generated by tracing a particular program executing in a pure 


demand paging system with 100 records per page, with 1 free main memory frame is 
recorded as follows. What is the number of page faults? Assume that the memory frame 
is initially empty. Also assume that the first address is 0000. 
0100, 0200, 0430, 0499, 0510, 0530, 0560, 0120, 0220, 0240, 0260, 0320, 0370. 
(a) 13 (b) 8 (c) 7 (d) 10 
A computer system has 4 K word cache organized in a block-set-associative manner, 
with 4 blocks per set, 64 words per block. The number of bits in the SET and WORD 
fields of the main memory address format is 
(a) 15,4 (b) 6,4 (c) 7,2 (d) 4,6 
A computer installation has 1000 K of main memory. Jobs arrive and finish in the 
following sequence. 

Job 1 requiring 200 K arrives 


Job 2 requiring 350 K arrives 
Job 3 requiring 300 K arrives 
Job 1 finishes 

Job 4 requiring 120 K arrives 
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Job 5 requiring 150 K arrives 
Job 6 requiring 80 K arrives 
Among best fit and first fit, which performs better for this sequence? 
(a) First fit (b) Best fit 
(c) Both perform the same (d) None of the above 
A memory page containing a heavily used variable that was initialized very early and 
is in constant use is removed, when the page replacement algorithm used is 
(a) LRU (b) FIFO 
(c) LFU (d) none of the above 
Consider the following heap. 


| JOB1-50 Free-150 JOB2-300 FREE-350 JOB3-600 


The sequence of requests for blocks of sizes 300, 25, 125, 50 can be satisfied if we use 
(a) either first fit or best fit policy (b) first fit but not best fit policy 

(c) best fit but not first fit policy (d) none of the above 

Consider the resource allocation graph in Fig. 7.1. 


/ 


Fig. 7.1 
This system is in a deadlock state. This remark is 
(a) true (b) false 
(c) impossible to determine (d) unpredictable 
Which of the following is a safe sequence? 
(a) PO, P1, P2, P3 (b) P1, PO, P3, P2 
(c) P2, PO, Pl, P3 (d) None of the above 


A demand paging system, with page table held in registers, takes 5 ms to service a page 
fault if an empty page is available, or if the page to be replaced is not dirty. It takes 
15 ms if the replaced page is dirty. Memory access time is 1 us. Assume we want an 
effective access time of 2 us and that the page to be replaced is dirty 60% of the time. 
What is the approximate maximum acceptable page fault rate to meet this access time 
requirement? 


(a) 0.1% (b) 1.0% (c) 2.5% (d) 0.01% 
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Consider a computer with 8 Mbytes of main memory and a 128 K cache. The cache 
block size is 4 K. It uses a direct mapping scheme for cache management. How many 
different main memory blocks can map onto a given physical cache block? 


(a) 2048 (b) 256 
(c) 64 (d) None of the above 


In the following process state transition diagram for a uniprocessor system, assume that 
there are always some processes in the ready state: (GATE 2009) 


Blocked 


Fig. 7.2 


Now consider the following statements: 
I. Ifa process makes a transition D, it would result in another process making transition 

A immediately. 

II. A process P, in blocked state can make transition E while another process P, is in 
running state. 

III. The OS uses preemptive scheduling. 

IV. The OS uses non-preemptive scheduling. 

Which of the above statements are TRUE? 

(a) I and II (b) I and III (c) II and II (d) II and IV 

Locality of reference implies that the page reference being made by a process 

(a) will always be to the page used in the previous page reference 

(b) is likely to be one of the pages used in the last few page references 

(c) will always be one of the pages existing in memory 

(d) will always leads to a page fault 


What is the correct matching for the following pairs? 

(A) Disk scheduling (1) Round robin 

(B) Batch Processing (2) SCAN 

(C) Time sharing (3) LIFO 

(D) Interrupt processing (4) FIFO 

(a) A-3, B-4, C-2 and D-1 (b) A-4, B-3, C-2 and D-1 


(c) A-2, B-4, C-1 and D-3 (d) A-2, B-1, C-4 and D-3 
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Thrashing 

(a) reduces page I/O 

(b) decreases the degree of multiprogramming 

(c) implies excessive page I/O 

(d) improves the system performance 

Dirty bit for a page in a page table 

(a) helps avoid unnecessary writes on a paging device 
(b) helps maintain LRU information 


(c) allows only read on a page 
(d) none of the above 
Each process P;, i = 1, 2, 3, ..., 9 is coded as follows. 
repeat 
P (mutex) 
{ critical section } 
V (mutex) 


forever 
The code for P,9 is identical except that it uses V (mutex) instead of P (mutex). 
What is the largest number of processes that can be inside the critical section at any 
moment? 
(a) 1 (b) 2 
(c) 3 (d) none of the above 
Consider a disk system with 100 cylinders. The requests to access the cylinders occur 
in the following sequence: 
4, 34, 10, 7, 19, 73, 2, 15, 6, 20 
Assuming that the head is currently at cylinder 50, what is the time taken to satisfy all 
requests if it takes 1ms to move from one cylinder to adjacent one and shortest 


seek time first policy is used? (GATE 2009) 
(a) 95 ms (b) 119 ms (c) 233 ms (d) 276 ms 
Group 1 contains some CPU scheduling algorithms and Group 2 contains some 
applications. Match entries in Group | to entries in Group 2. (GATE 2007) 
Group 1 Group 2 

P. Gang Scheduling 1. Guaranteed Scheduling 

Q. Rate Monotonic Scheduling 2. Real-time Scheduling 

R. Fair Share Scheduling 3. Thread Scheduling 
(a) P-3; Q-2; R-1 (b) P-l; Q-2; R-3 
(c) P-2; Q-3; R-l (d) P-l; Q-3; R-2 
Consider the following statements about user-level threads and kernel-level threads. 
Which one of the following statements is FALSE? (GATE 2007) 


(a) Context switch time is longer for kernel-level threads than for user-level threads. 
(b) User-level threads do not need any hardware support. 
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(c) Related kernel-level threads can be scheduled on different processors in a 
multiprocessor system. 
(d) Blocking one kernel-level thread blocks all related threads. 
An operating system uses Shortest Remaining Time first (SRT) process scheduling 
algorithm. Consider the arrival times and execution times for the following processes: 
(GATE 2007) 


Process Execution time Arrival time 
P1 20 0 
P2 25 15 
P3 10 30 
P4 15 45 


What is the total waiting time for process P2? 

(a) 5 (b) 15 (c) 40 (d) 55 

A virtual memory system uses First In First Out (FIFO) page replacement policy and 

allocates a fixed number of frames to a process. Consider the following statements: 

P: Increasing the number of page frames allocated to a process sometimes increases the 
page fault rate. 

Q: Some programs do not exhibit locality of reference. (GATE 2007) 

Which one of the following is TRUE? 

(a) Both P and Q are true, and Q is the reason for P. 

(b) Both P and Q are true, but Q is not the reason for P. 

(c) P is false, but Q is true. 

(d) Both P and Q are false. 

A single processor system has three resource types X, Y, and Z, which are shared by 

three processes. There are 5 units of each resource type. Consider the following scenario, 

where the column alloc denotes the number of units of each resource type allocated 

to each process, and the column request denotes the number of units of each resource 

type requested by a process in order to complete execution. Which of these processes 


will finish LAST? (GATE 2007) 
alloc request 
XYZ XYZ 
PO 1 2 1 1 0 3 
Pl 2 0 1 0 1 2 
P2 22 1 12 0 
(a) PO (b) Pl 
(c) P2 (d) None of the above, since the system is in a deadlock. 


Two processes, P1 and P2, need to access a critical section of code. Consider the 
following synchronization construct used by the processes: (GATE 2007) 
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/* Pl */ /* P2 */ 
while (true) { while (true) { 
wantsl = true; wants2 = true; 
while (wants2 == true); while (wants1 == true); 
/* Critical /* Critical 
Section */ Section */ 
wantsl = false; wants2 = false; 
} 
3 Remainder section */ /* Remainder section */ 


Here, wants1 and wants2 are shared variables, which are initialized to false. Which 
one of the following statements is TRUE about the above construct? 


(a) It does not ensure mutual exclusion. 

(b) It does not ensure bounded waiting. 

(c) It requires that processes enter the critical section in strict alternation. 
(d) It does not prevent deadlocks, but ensures mutual exclusion. 


l. c 226 3. d 4. c 
5. ¢ 6. c 7. b 8. a 
9. d 10. d 11. d 12. a 
13. a 14. d 15. b 16. d 
17. c 18. c 19. c 20. b 
21. b,d 22. b 23. b,c 24. b, d 
25. c 26. b 27. ¢ 28. a 
29. b 30. c 31. b 32. a 
33. c 34. b 35. ¢ 36. a 
37. b 38. d 39. a 40. d 
41. c 42. d 43. c 44. a 
45. b, d 46. b 47. b 48. a 
49. d 50. a 51. d 52. a 
53. b 54. c 55. ¢ 56. c 
57. ¢ 58. b 59. b 60. a 
6l. a 62. a 63. c 64. a 
c a b b 
c d a a 
a b a b 
c b c d 
a b b b 
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86. d 87. c 88. c 
90. c 91. c 92. a 
94. b 95. a 96. d 
98. c 99, c 100. d 


= $$ 


2. Switching from user mode to kernel mode doesn’t require any context switch. Switching 


between processes requires a context switch. A context switch is (relatively speaking) 
time-consuming because current state of the process being switched has to be saved. 


. The interrupt from temperature will have highest priority as the processor should branch 


to interrupt service subroutine to save RAM contents onto secondary storage before 
taking necessary actions to control the temperature. 


. Threads need to swap only the registers and the stack. Threads share code and data 


memory. 


. Time required for 10° memory accesses = 10° x 20 ns = 20 ms. 


Time required to service the single-page fault is 10 ms. 


20 +10 


Effective access time = E ms = 30 ns. 


. Option C is incorrect as there is no scaling (multiplication) involved in the calculation 


12. 


14. 


of the effective address. 
The following diagram depicts which process executes in which time-slot. 


Wait time for process PO is 4ms. 
Wait time for process P1 is Oms. 
Wait time for process P2 is 11ms. 


4+0+11 
——— ms 
3 


Average wait time = 


The cache controller needs 256 x (19 + 2) = 5376 bits of storage to store meta-data 
for the cache. 
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15. Deadlock occurs when each of the 3 user processes hold one resource and make 
simultaneous demand for another. If there are 4 resources, one of the 3 user processes 
will get the fourth instance of the resource and relinquish one or both of the resource(s) 
it is currently holding after using. 


16. We are neglecting the time to transfer data. We need to consider only the rotational 
latency time and seek time. We can neglect the rotational latency because for loading 
every library, the disk rotation need not have to be restarted. So, required loading time 
is 10 x 100 ms = 1.00 s. 


17. It effectively handles dependencies introduced by - read after write (RAW), write after 
read (WAR) or write after write (WAW). 


18. In FCFS, processes complete in the order they arrive. So options (B) and (D) are 
incorrect. The following table shows what happens with round robin scheduling. 


Execution of P1 is suspended. P1 needs 3 more units of CPU time. 
Queue Configuration before the end of 2 time units is, P2 
Queue Configuration at the end of 2 time units is, P1 


Execution of P2 is suspended. P2 needs 5 more units of CPU time. 
Queue Configuration before the end of 4 time units is, P1, P3 
Queue Configuration at the end of 4 time units is, P3, P2 

Execution of P1 is suspended. P1 needs 1 more unit of CPU 
Queue Configuration before the end of 6 time units is, P3, P2 
Queue Configuration at the end of 6 time units is, P2, P1 
Execution of P3 is suspended. P3 needs 2 more units of CPU time. 
Queue Configuration before the end of 8 time units is, P2, P1 
Queue Configuration at the end of 8 time units is, P1, P3 


Execution of P2 is suspended. P2 needs 3 more units of CPU time. 
Queue Configuration before the end of 10 time units is, P1, P3 
Queue Configuration at the end of 10 time units is, P3, P2 


— 


Execution of P1 is completed. P1 is the first process to finish. 
Queue Configuration before the end of 11 time units is, P3, P2 
Queue Configuration at the end of 11 time units is, P2 
Execution of P3 is completed. P3 is the second process to finish. 
Queue Configuration before the end of 13 time units is, P2 
Queue is empty at the end of 13 time units. 


Execution of P3 is completed. P2 is the last process to finish. 


22. Consider two concurrent processes. Their execution can be interleaved in such a way 
that option (b) happens. 


25. Each P operation decreases the semaphore value by 1 and V operation increases it by 1. 
If x is 18, then 7 P operations will make semaphore value 0. If this is followed by 
7 V operations, the value comes back to 7. So, after 18 P and 18 V operations, 
the value of the semaphore will be 7. The remaining 2 P operations result in the 
semaphore value 5. 

26. LRU results in 9 page faults as shown below. 
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Referenced 


Page 


Order (Least 
recently used|P1/P1-P2|P1-P2-P3 |P1-P3-P2|P3-P2-P4| P2-P4-P1 | P4-P1-P3 | P1-P3-P2 | P3-P2-P4) P2-P4-P1 
listed first) 


Page Fault # |1 2 3 - 4 5 6 7 8 9 


FIFO results in 6 page faults as shown below. 


Referenced 


Page 


P1| P2 P3 P2 P4 Pl P3 P2 P4 Pl 


Order (First in | P1|P1-P2]P1-P2-P3|P1-P2-P3 | P2-P3-P4 | P3-P4-P1 | P3-P4-P1 | P4-P1-P2| P4-P1-P2|P4-P1-P2 


listed first) 


Page Fault # | 1 2 3 - 4 5 7 6 = 7 


OPTIMAL results in 5 page faults as shown below. 


Referenced is) p2 P3 P2 P4 P1 P3 P2 P4 Pl 
Page 

Pages in 

sees P1|P1,P2|P1,P2,P3|P1,P2,P3/P1,P3,P4|P1,P3,P4|P1,P3,P4|P1,P2,P4| P1,P2,P4 | P1,P2,P4 
Page Fault # | 1 2 3 - 4 - = 5 į : 


27. 


28. 


29. 


32. 


So, OPTIMAL < FIFO < LRU 
The following is the arrangement of fields for k-way set associative memory: 
Tag + index + byte offset 
which should be 32 bits in total. ‘Index’ field gives the offset address of the k-way set. 
In this case, number of sets = ARC EENE) =ou 

(32 bytes) k 
That means 11 bits are required for index field and 5 bits are required to access any of 
32 bytes (2°). 
Hence, Tag = 32 — (11 + 5) = 16 bits. 
The cache tag directory is essentially an array of memory for which the number 
of address lines equals to that of tag bits plus the flag bits (which is equal to 
16 + 4 = 20 bits). The width of the directory entry is equal to that of the block size 


Gig ieee Ee Ky: 

(32 bytes) 
Therefore, the size of cache tag entry = 20 bits * 8K = 160 Kbits. 
When the scheduler re-evaluates the priorities every T time units, all the processes will 
always have the same priority. So the processes get CPU access in a round-robin basis. 
Two processes can never lead to deadlock as the peak time demand of 6 (3 + 3) tape 
drives can be satisfied. But 3 processes can lead to a deadlock if each hold 2 drives 
and then demand one more. 
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All the other options can lead to deadlock because of circular wait. 
The generalized structure of cache organization (for k = 5 and v = 3) will be as follows: 
Line 0 0 
Line 1 3 
Line 2 6 Set 0 
Line 3 9 
Line 4 12 
Line 5 1 
Line 6 4 
7 Set 1 
10 
Pom 13 
Line 10 2 
Line 11 5 
8 Set 2 
11 
Line 14 14 


Consider block 9, for example. Option (A) holds good as it evaluates to 

(9 mod 3)x 5 to (9 mod 3)x 5 + 4= Lines 0 to 4. 

Note that block 9 maps to Line 3 of the cache. Similarly, it can be verified that block 8 
evaluates to 10 to 14 and so on. 


File size = 42797KB = 42797 x 1024 = 43824128 bytes. The disk starts at location 
<1200,9,40>. Therefore, the data stored at 9th surface of Cylinder 1200 = 24 x 512 
= 12288 bytes. Remaining surfaces at Cylinder 1200 would record 6 x 64 x 512 
= 196608 bytes. So, totally 208896 bytes are consumed in cylinder 1200 alone. 


Remaining file size = 43824128 — 208896 = 43615232 bytes. 

Data storage capacity per cylinder = 16 x 64 x 512 = 524288 bytes/cylinder 

Thus to store 43615232 bytes, total number of cylinders required is 43615232/524288 
= 83.18. 

Hence, the cylinder number of the last sector is 1284. 

0.35 x 10 + (1 — 0.35) x 100 = 68.5 ns 

Note that the semaphore is initialized to 2. Consider the following sequence of actions. 
Process Y executing the P operation; Process W executes the P operation 

Process Y executes the V operation; Process W executes the V operation 

Value of the variable at this stage will be 1. 

Process Z executing the P operation; Process X executes the P operation 

Process Z executes the V operation; Process X executes the V operation 

Value of the variable at this stage will be 2. 
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Think of the two binary semaphores R and S as gates R and S. Consider a gate closed 
when the semaphore is 0 and open when it is 1. Initially both gates are closed. 

b[i] can be calculated only after the corresponding a[i] is populated. So, EntryY(R, S) and 
ExitX(R, S) should open and close the gates such that only one of them sees the green 
light at any given instance of time. The very first array assignment that can happen is 
a[0] = f[0] as no semaphores are controlling its execution. When this has happened, 
we can let b[0] = g(a[0]) to happen but not until then. This can be implemented by the 
two processes alternatively flipping open the gate that is closed and closing the gate is 
open. This is accomplished by the sequence of operations specified option (c). 


The arrival pattern is a Poisson distribution. 
eT ut) 
k! 
Here k = 0, u = 20, T= 3/4. 
So required probability is e" 
Po will request for R; and Rj, in that order, and P,, will request for Rj and R}; in that 
order. 


P(k requests) = 


Note that only process PO can proceed initially. 
0 will be printed exactly twice or thrice. 
Here is the sequence of events that results in the printing of exactly two ‘0’ 
1. Process PO starts; Prints ‘0’ once; Releases S1 and $2. 
At this point of time, either P1 or P2 can execute. 
2. Let P2 execute. 
P2 starts; Releases S0; P2 terminates. 
At this point of time, either PO or P1 can execute. 
3. Let P1 execute. 
P1 starts; Releases SO; P1 terminates. 
At this point of time, only PO can execute. 
4. Process PO starts; Prints ‘0’ for the second time; Releases S1 and S2. 


Both P1 and P2 have terminated. PO waits for ever because there is no event that can 
release semaphore S0. 


Here is the sequence of events that results in the printing of exactly three ‘0’ 
1. Process PO starts; Prints ‘0’ once; Releases S1 and $2. 
At this point of time, either P1 or P2 can execute. 
2. Let P2 execute. 
P2 starts; Releases SO; P2 terminates. 
At this point of time, either PO or P1 can execute. 
3. Let PO execute. 
PO starts; Prints ‘0’ for the second time; Releases S1 and $2. 
At this point of time, only P1 can execute. 
4. P1 starts; Releases S0; P1 terminates. 
At this point of time, only PO can execute. 
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5. PO starts; Prints ‘0’ for the third time; Releases S1 and S2. 
Both P1 and P2 have terminated. PO waits for ever because there is no event that 
can release semaphore SO. 
The “Round robin is better than FCFS in terms of response time” remark warrants a 
comment. Strictly speaking, it is not always true. The actual performance of “round 
robin” depends on the CPU time slice and the nature of the processes handled. 
Since no pages are loaded to begin with, the very first page reference results in a page 
fault. So are the next three page faults. The fifth page reference will result in a page 
fault and it will replace the page that was loaded first. In fact, all the first 100 page 
references will result in page faults. The next 4 page references will not result in page 
faults as these pages are already loaded. The remaining (last) 96 page references will 
result in page faults. 
Since the shared boolean variables $1 and S2 are randomly assigned values, we need to 
manually trace the execution for all possible values of S1 and S2. The following table 
summarizes the behavior of processes P1 and P2. 


S1 S2 Trace 

true true First P2 gets executed; Then P1 gets executed; $1 will be false and 
S2 will be false 

true false First P1 gets executed; Then P2 gets executed; S1 will be false and 
S2 will be true 

false true First P1 gets executed; Then P2 gets executed; S1 will be true and 
S2 will be false 

false false First P2 gets executed; Then P1 gets executed; $1 will be true and 
S2 will be true 


It is clear from the table that from any initial configuration, the processes P1 and P2 
progress unhindered, and they are mutually exclusive (meaning only one of them will 
be executing the critical section at a given time). 

It is 0 + 10 + (15 — 2) + (18 — 5) + (38 — 10) divided by 5, i.e., 12.8 ms. 

It is 8 +0+3 +15 + 8 divided by 5, i.e., 6.8 ms. 

Itis 10 +3 +0 + 15 + 0 divided by 5, i.e., 5.6 ms. 

It is 30 +0+3 +3 + 18 divided by 5, i.e., 10.8 ms. 

It is 30+5+0+5 + 0 divided by 5, i.e., 8 ms. 

2-phase locking ensures serializability but doesn’t ensure freedom from deadlock. The 
disadvantage of time-stamp ordering is that it often leads to starvation (excessive 
wait time) for the transactions that are put on hold, and system resources are not used 
efficiently. 

The page containing the top level of the page table resides in memory. Other pages are 
loaded from the hard disk on demand. 

Having 11 resources ensures that at least 1 process will have no pending request. This 
process after using will release the resources and so deadlock can never occur. 
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At least one process will be holding 2 resources in case of a simultaneous demand 
from all the processes. That process will release the 2 resources, thereby avoiding any 
possible deadlock. 

Using Banker’s algorithm, one can show that one process has to acquire all its needed 
resources. This process, after completing its task, will release all its resources, thereby 
avoiding any possible deadlock. 

The first 3 references A, B,C fills the internal storage with A,B,C in 3 page 
transfers. Now the next reference D results in a page fault. So, page A is downloaded 
and D takes its place after a page transfer. So, the internal store has D, B and C. The 
next reference is A — results in a page fault. So, a page transfer takes place and swaps 
B and A. Continuing this way, we find totally 9 page transfers are necessary. 

In optimal page replacement, the page that is going to be referenced farthest in the future 
will be swapped. Since we are starting with an empty memory, 3 page faults loads the 
pages 1, 2, 1, 3. Which of these pages will be chosen to make room for page 7? Since 
page 2 is never referenced again, that will be chosen. The pages in memory now are 
1, 3, and 7. The next page that is referenced is 4. Page 7 has to go out (since it is never 
referenced again). Totally, we will end up with 7 page faults. 

In LRU, the page that was referenced farthest in the past will be swapped. Since we 
are starting with an empty memory, 3 page faults loads the pages 1, 2, 1, 3. Which of 
these pages, 1, 2, and 3 will be chosen to make room for page 7? Since page 2 was 
referenced farthest in the past, that will be chosen. The pages in memory now, are, 
1, 3, and 7. The next page that is referenced is 4. Page | has to go out (since that was 
referenced farthest in the past). Totally, we will have 9 page faults. 

It will be easier if the request/release information is represented as follows. 


=| [Prsans2is ems 2ono[ ree rome 
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The requests that cannot be fulfilled right away are, 

P1’s request for 2 units of R1 at ¢= 3. This can be fulfilled after P3 releases 2 units of R1 at 
= 5, 

P1’s request for 2 units of R4 at t = 8. This can be fulfilled after P2 and P3 finish. 

Refer Qn 63. Applying the same logic, we find the required number of page transfer is 

10. So, increasing the number of pages need not necessarily reduce the number of page 

faults. It is the actual sequences of references that decides. 

Page frame number is absolutely essential. 

To specify a particular segment, 5 bits are required (since 2° = 32). Having selected 

a page, to select a particular byte one needs 10 bits (since 2'° = 1 K byte). So, totally 

5 + 10 = 15 bits are needed. 

The disk drive has to traverse totally 146 cylinders (verify). So, seek time is 

6 x 146 = 876 ms. 

To cover 2400 x 62500 bits, 60 s are needed. Average latency time is the time needed 

to traverse 100 tracks i.e., 100 x 62500 bits, which is 2.5 s. 

Sometimes, increasing the number of page frames may increase the number of page 

faults. This unintuitive behavior is called Belady’s anomaly. FIFO may exhibit this 

behavior. 

As this scheduling policy has a better average response time for the interactive users. 

When it tries to access 0100, it results in a page fault as the memory is empty right 

now. So, it loads the second page (which has the addresses 100-199). Trying to 

access 200 will result in a page fault, as it is not in memory right now. So the third 

page with the addresses from 200 to 299 will replace the second page in memory. 

Trying to access 430 will result in another page fault. Proceeding this way, we find 

trying to access the addresses 0510, 0120,0220, and 0320 will all result in page 

faults. So, altogether 7 page faults. 

There are 64 words in a block. So the 4 K cache has (4 x 1024)/64 = 64 blocks. Since 

1 set has 4 blocks, there are 16 sets. 16 sets needs 4 bits for representation. In a set 

there are 4 blocks, which needs 2 bits. Each block has 64 words. So, the word field 

has 6 bits. 

The memory configuration after the arrival of the jobs 1, 2 and 3 and the termination 

of job 1 can be depicted as: 


FREE-200 JOB2-350 JOB3-300 FREE-150 


First fit algorithm will allocate the FREE-200 slot for job 4. But best fit algorithm 
will allocate the FREE-150 slot for job 4. The memory configuration for the first 
fit and best fit will be 


JOB4-120 FREE-80 JOB2-350 JOB3-300 FREE-150 


and 


| FREE-200 JOB2-350 JOB3-300 JOB4-120 | FREE-30 
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respectively. When job 5 arrives, it will be allotted the FREE-150 slot by the first fit 
algorithm and the FREE-200 slot by the best fit algorithm. The memory allocation table 
for the first fit and best fit will be 


| JOB4-120 FREE-80 JOB2-350 JOB3-300 | JOB5-150 


and 


| JoB5-150 FREE-50 | JOB2-350 | JOB3-300 | JOB4-120 | FREE-30 


When Job 6 arrives, it will be allotted the FREE-80 slot by the first fit algorithm. The 
best-fit algorithm will find no room to store Job 5 as the needed 80 K, is not available 
contiguously. So, it has to wait till a job terminates. So, the first-fit algorithm performs 
better in this case. 

In non-preemptive scheduling, a running process will continue to run until it terminates 
or gets blocked for I/O. In this case, the transition C will not be there. 

Locality of reference is based on the fact that a page that is referenced is likely to be 
referenced again in the near future. 

Let the mutex be initialized to 1. Any one of the 9 processes P, i= 1, 2, 3, ...., 9 can 
get into the critical section after executing P(mutex) which decrements the mutex value 
to 0. At this time P,, can enter into the critical section as it uses V(mutex) instead of 
P(mutex) to get into the critical section. As a result of this, mutex will be incremented 
by 1. Now any one of the 9 processes P, i= 1, 2, 3, ...., 9 (excepting the one that is 
already inside the critical section) can get into the critical section after decrementing 
the mutex to 0. None of the remaining processes can get into the critical section. 

If the mutex is initialized to 0, only 2 processes can get into the critical section. So the 
largest number of processes is 3. 

The requests will be fulfilled in this order. 

34, 20, 19, 15, 10, 7, 6, 4, 2, 73. 

Time taken will be 16+ 144+1+4+5+4+3+4+1+2+2+71 =119ms 

Gang Scheduling deals with scheduling threads or processes to run simultaneously on 
different processors. 

Rate Monotonic Scheduling is used in real-time operating systems. 

Fair Share Scheduling is used where the CPU usage is distributed equally among system 
users (rather than among processes). 

Kernel level threads are preemptive and are characterized by slow context switch. User 
level threads are non-preemptive, and are characterized by faster context switch. 
Shortest Remaining Time First (SRT) is a preemptive version of the “Shortest Job First” 
scheduling algorithm. When the time is 15 units, process P1 has 5 more time units to 
complete. So, SRT lets it run to completion, resulting in the process P2 waiting for 
5 time units. When the time is 20 units, process P2 starts execution. When the time 
is 30 units, the remaining time to complete for process P2 is 15 units but the process 
P3 with an execution time of 10 units has arrived. So SRT preempties P2. This makes 
process P2 wait for 10 time units. There is no more waiting needed for process P2. 
If the page replacement policy is FIFO, increasing the number of page frames allocated 
to a process will not increase the page fault rate. The page that goes out is independent 
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of the number of page frames allocated. But the hit ratio will be high if the number of 
page frames that is allocated is increased. 

It is possible to write programs (such programs usually have many if/else, switch, goto’s) 
that don’t exhibit the property of locality of reference. 

Process P0’s request for 3 more resources of type Z cannot be met. Process P2’s request 
for 2 more resources of type Y cannot be met. Process P1’s request for 1 more resource 
of type Y, and 2 more resources of type Z can be met. So, process P1 finishes first, 
making available 2 resources of type X, 1 resource of type Y, and 3 resources of type 
Z. At this point of time, process P2’s request for 2 more resources of type Y cannot be 
met. However, process P0’s request for 1 more resource of type X, and 3 more resources 
of type Z can be met. So, process PO completes second. Process P2 finishes last. 
Note that the statement 

while (wants2==true); 

is an infinite loop that terminates only when wants2 becomes false. 

The following scenario leads to deadlock. 

Assume P1 starts first. Let it execute the statement wantsl = true; 

If P2, at the conclusion of this statement, executes the statement wants2 = true; 
then, P1 will be looping forever executing the statement while (wants2==true); 
and P2 will be looping forever executing the statement while (wants1l==true); 
This setup ensures mutual exclusion because when either of the processes is executing 
the critical section, the other process will be waiting on the loop. 
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. Which of the following features of UNIX may be used for interprocess communication? 


(a) Signals (b) Pipes 
(c) Semaphore (d) Message queues 
Which of the following statements best explains a process? 
(a) It is a program. 
(b) It is a program in execution. 
(c) Itis an instance of a program in execution. 
(d) It is a program that uses system calls. 
In a system, if 5 people are currently using the vi editor, then the number of correspond- 
ing processes will be 
(a) 1 (b) 5 (c) 2 (d) 0 
The command 
echo welcome > /dev/tty 
(a) echoes welcome in all the terminals that are switched on. 
(b) echoes welcome in all the terminals that are logged on. 
(c) echoes welcome only in the terminal in which it is run. 


(d) signals the error message - Terminal number not specified. 


/dev/null 

(a) is a file (b) has write permission for all 

(c) is the UNIX built-in dustbin (d) none of the above 

The permission bits of a file noname, canbe setto rws x x by the command. 
(a) chmod 711 noname (b) chmod go-rw noname 

(c) chmod 2711 noname (d) none of the above 


/bin/passwd has the user execution permission set to `s” because 

(a) it is not executable 

(b) it should allow users who don’t have write permission to /etc/passwd to write 
to it 
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(c) /etc/passwd is write protected 
(d) this facility assigns to the user, permissions of the program owner, temporarily. 


If one doesn’t want anyone else to read or write to a file named datfile, except through 
a program in file filex then he may use 


(a) chmod u+s filex ; chmod go-rw datfile 
(b) chmod uts datfile ; chmod go-rw filex 
(c) chmod 4711 datfile ; chmod go-rw filex 
(d) chmod 4711 filex ; chmod go-rw datfile 


Consider the following command that invokes the executable file a.out, with the fol- 
lowing command line arguments a.out God loves you 


argv[1] [2] corresponds to the character 


(a) e (b) o (c) . (d) d 
In the previous question after the operation argv++, the value of argv [1][2] will be 
(a) e (b) d (c) v (d) undefined 


Consider the program 
main () 
{ 
printf(“He arose a victor from\n”); 


system (“date”); 


printf (“the dark domain”); 


} 
If a.out is the executable code corresponding to the above source code then the com- 
mand 


a.out > outf 
(a) redirects the output of date to file out f 
(b) displays the output of date on the screen 
(c) prints everything on the screen 
(d) prints the two messages on the screen 
The default permission bits of a file when it is created for the first time, is controlled by 
(a) chmod value (b) fmask value 
(c) umask value (d) none of the above 
Let x.c be aC source code. The command cc x.c > y 
(a) is equivalent to the command cc x.c ; mv a.out y 
(b) is equivalent to the command cc -o y x.c 
(c) serves no purpose 
(d) none of the above 
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If path is set to .: /usr/x:/usr/bin, then 

(a) the command one types will be first checked in the current directory then /usr/x and 
/usr/bin 

(b) if a command is found in both /usr/x and /usr/bin then the one in /usr/x 
will be executed 

(c) in the previous choice, what happens is unpredictable 

(d) if a command is found in both /usr/x and /usr/bin, then the one in /usr/ 
bin will be executed 

A file x is created with the following contents 
echo today is: 
date 

If you type x then 

(a) it echoes the message, followed by date 

(b) it gives the desired output only if the execute permission of file x is set 

(c) the desired output can be got by the command sh x, which works even if x has its 
execute permission not set 

(d) none of the above 

The differences between malloc() and calloc() are 

(a) malloc is used for dynamic allocation of memory, while calloc can’t be used for 
that purpose 


(b) malloc needs only one argument, while calloc needs two 
(c) unlike malloc, calloc allocates memory and initializes it to 0 


(d) malloc needs two arguments and calloc only one 


The main reasons for the success of pipes are 

(a) the availability of many filter programs 

(b) UNIX treats devices as files 

(c) it provides a 2-way communication channel 

(d) all of the above 

Which of the following are not filter programs? 

(a) date (b) sort (c) cat (d) grep 
The command who | sort - filel>file2 

(a) results in an error 

(b) sorts the contents of file1 and puts it in file2 

(c) puts in file2, the sorted output of who, followed by sorted contents of file1 
(d) none of the above 

If the command cat x, is executed after successfully executing the command 
time sort filename > x 

then 
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(a) only the time details will be displayed 

(b) only the sorted contents of the file filename will be displayed 

(c) an error message will be displayed 

(d) the sorted contents of the file filename, along with the time information will be 
displayed 


The system identifies a file by its 

(a) name (b) absolute path 

(c) file owner (d) inode number 
The system identifies the end of a file by the 

(a) EOF character (b) file size 

(c) i-node number (d) none of the above 


The command line argument a.out x ‘a b’ “c qa” 

(a) is acceptable 

(b) is acceptable if the double quotes are replaced by single quotes 
(c) is acceptable if the single quotes are replaced by double quotes 
(d) none of the above 


Which of the following metacharacters will be recognized by the shell, even if it comes 
within double quotes? 

(a) $ (b) * 

(c) ? (d) None of these 

Environment variables can be accessed by 

(a) system programs (b) C programs 

(c) shell scripts (d) none of the above 


If one exports a variable 


(a) variables placed in the environment by a child process are not inherited by the parent 
process. 


(b) it is passed to all its descendant processes 

(c) it dies when the shell that created it dies 

(d) only the first two choices are correct 

cc command sequentially invokes 

(a) preprocessor, compiler and link editor 

(b) compiler and link editor 

(c) preprocessor, compiler, assembler and link editor 
(d) compiler, assembler and link editor 


Among the directory entries, i-node and the file contents, which will be changed when 
a file is updated? 


(a) Only directory entry and file contents (b) Only i-node and file contents 
(c) All the three (d) None of the above 
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The mv command changes 

(a) only the directory entry (b) only the directory entry and i-node 
(c) only the i-node number (d) none of the above 

If 7 terminals are currently logged on, then the command 

date ; who | wc -1, displays 

(a) date followed by 7 (b) date followed by 8 
(c) date followed by 1 (d) an error message 
Choose the correct answers if the command 1s -1 /dev/mt0 displays 
brw_rw sd toot 3, 0 jan 18 11:05 mtO 

(a) The `b’ indicates that it is a special file 

(b) mtO indicates that it is a tape drive 


(c) mtO indicates that it is a mounted tape 

(d) The `b” indicates that data transfer is done in blocks 
Choose the correct statements. 

(a) ld x.o is a valid command (assume x. o exists) 


(b) ld x.o issameascc x.o 

(c) cc x.s isa valid command (assume x.s exists) 

(d) All of the above 

cat /dev/tty 

(a) throws garbage onto the terminal tty 

(b) just echoes what you type, line by line 

(c) terminates if one types control d, at the beginning of a line 

(d) terminates if one types control d, anywhere in a line 

The header files used in C programs are usually found in 

(a) /bin/include (b) /usr/bin/include 
(c) /dev/include (d) /usr/include 

The command pwd displays /x/ y. After executing the command chmod u-x, which 
of the following commands will not work? 

(a) cd .. (b) 1s (c) chmod u+x (d) pwd 
File x.c has 5 lines of code. The command 


date | tee abc | sort - x.c | we -1, displays 
(a) 5 (b) 6 
(c) 0 (d) an error message 


Which of the following characteristics of the original process are preserved when, the 
exec system call is executed? 

(a) The current working directory (b) The open files 

(c) PID (d) PPID 
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The number of errors in the following shell script 
echo How are you ? 
read $answer 


is 


(a) 0 (b) 1 (c) 2 (d) 3 
The read in the previous question is a 

(a) library function (b) system call 

(c) shell command (d) none of the above 


A file hai has the following shell script in it 
echo Oh! What a wonderful day 
echo Day I will never forget 1>&2 


echo Day I will never ever get 


The command sh hai > mn 

(a) puts all the three messages in mn 

(b) puts the second message both in mn and the screen 

(c) puts only the first and the third message in mn 

(d) results in an error 

The command cc x.c && a.out 

(a) is equivalent to cc x.c ; a.out 

(b) means execute a.out only when x.c compiles successfully 


(c) means execute a. out only if cc x.c returns a value 0 to the system 
(d) all of the above 


Which of the following shell commands displays the contents of each of the command 
line arguments, one by one? 


(a) cat $* (b) cat `$’ (c) cat “$e” (d) cat “$*” 
Which of the following file names cannot be displayed if 1s * is run? 
(a) -Xy (b) ?x (c) .x (d) hidden 


The following program 
main () 
{ 
close(1l); 
print (“How R U?”); 
} 
(a) is syntactically incorrect (b) results in a run-time error 
(c) will wait indefinitely, if executed (d) none of the above 
The PID of the kernel process is 
(a) undefined (b) 0 (c) 1 (d) 3 
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The command cat > x 

(a) is invalid 

(b) creates a file x and displays an error message 

(c) creates a file x and waits for the user to give input from the keyboard 
(d) none of the above 


Which of the following system calls reads 8 bits from the standard input? (assume 
buff is a pointer to the buffer area) 

(a) read(0, buff, 8) (b) read(l, buff, 8) 

(c) read (0, buff, 1) (d) read(l, buff, 1) 

The shell command cat x y > x 


(a) doesn’t work 

(b) replaces the contents of file x, by the contents of file y 
(c) does nothing, other than displaying an error message 
(d) none of the above 


stderr, stdout, stdin have the file descriptors 

(a) 0, 1, 2 respectively (b) 0, 2, 1 respectively 

(c) 1, 0, 2 respectively (d) 2, 1, 0 respectively 

The command cda ./../. 

(a) serves no purpose (b) is invalid 

(c) is equivalent to cda .. (d) none of the above 

Which of the following UNIX tools, receives input only from the standard input? 
(a) awk (b) grep (c) sed (d) tr 
The number of 3’s in the output of the following C program 


main () 

{ 

printf (“1”); fork(); 
printf (“2”); fork(); 
fork(); printf£(“3”); 


is 


(a) 1 (b) 8 (c) 4 (d) 2 

Which of the following results in an error? 

(a) expr 4+5 (b) expr 9-3 (c) expr 2*3 (d) expr 7/5 
Which of the following is not a command delimiter? 

(a) new line (b) ; (c) & (d) , 

A file abc has the following shell script in it. 


cat $1 > $1.55 
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The command sh abc filel 
(a) results in an error 
(b) is equivalent to cp $1 $1.$$ 
(c) copies the contents of file1 to another file that has the PID of the executing shell as 
its extension 
(d) none of the above 
56. *?* will be the output of 


(a) echo *?* (b) echo ‘*?*! 

(c) echo “*?*” (d) echo \*\?\* 
*57. echo $x will output 

(a) hai (b) garbage 

(c) an empty line (d) none of the above 


*58. If the command exit is run twice followed by running the command echo $x, the 
output will be 
(a) hai (b) garbage 
(c) an empty line (d) none of the above 
*59, An orphan process 
(a) is a child process that was terminated before the parent process 
(b) is adopted by the login shell 
(c) is adopted by the process dispatcher 
(d) will be denoted by the process status O 
*60. Which of the following calls never returns an error? 
(a) getpid (b) fork (c) ioctl (d) open 
*61. The following C program 
main() 
{ 
fork(); fork(); printf (“yes”); 
} 
prints yes 
(a) only once (b) twice (c) 4 times (d) 8 times 
*62. The command 1s > xy 
(a) displays an error message, if xy exists and is write protected 
(b) if followed by cat xy, lists xy also 
(c) redirects errors, if any, to xy 
(d) none of the above 
63. Under which of the following circumstances rm /y/x, cannot remove x? 
(a) If x is write protected, but y is not write protected. 
(b) If x is not write protected, but y is write protected. 


(c) If y has its execution permission bit off. 
(d) All of the above. 
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When a file is aliased 

(a) anew directory entry is created (b) a new i-node is created 
(c) the i-node number is shared (d) none of the above 
Setting the execute bit on has no meaning, if the file is a 

(a) directory (b) shell script 

(c) C source code (d) symbol table 

Which of the following sections of an executable binary file has all uninitialised data 
items? 

(a) bss (b) Data 

(c) Header (d) Symbol table 

The following C program 


main () 

{ 
printf (“WHATIZIT”); 
system(“date”) ; 

} 


(a) first prints WHATIZIT and then displays the output of date command in the next 
line 


(b) first prints WHATIZIT and then displays the output of date command in the same 
line 
(c) first displays the output of date command and then WHATIZIT in the next line 
(d) none of the above 
The program 
main () 
{ 
Prine (Ox) 
fflush (stdout); 
system(“date”); 
} 
(a) gives the same output as the program 
main () 
{ 
printf (“x\n”); 
system(“date”); 
} 
(b) prints x, before displaying date 
(c) prints x after displaying date 
(d) all of the above 
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An attempt to read from a locked file, results in 
(a) prematured termination (b) a deadlock 
(c) an indefinite wait (d) none of the above 
Go through the following C program: 
main () 
{ 
Int- Sy. ay 
for (r = Toy 2 <= nm -3 et) 
fork(); 
printf (“yes”); 
} 
For what value of n, will yes be printed 24 times? 
(a) 3 (b) 4 
(c) 5 (d) Impossible to find such an n 
Consider the following program: 
main() 
{ 
printf(“God looks at the heart, not the hand\n”); 
system(“date”); 
printf(“The giver, not the gift”); 
} 
If a.out is the executable file corresponding to the above program, then the command 
a.out > xX ; cat x 
(a) displays both the messages, with the output of date coming in between 
(b) displays the output of date before both the messages 
(c) does not display the first message 
(d) none of the above 
The following program 
main() 
{ 
if (fork() > 0) 
sleep (100); 
} 
results in the creation of 
(a) an orphan process (b) a zombie process 
(c) a process that executes for ever (d) none of the above 
In UNIX, the status of a process may be 
(a) running (b) orphan (c) sleeping (d) zombie 


74. Consider the following program: 
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main () 
{ 
int- i = cL; 
if(O0 == fork()) 
i += 10; 
else 
{ 
wait (0); 


printf (“%sd”, 


} 
Choose the correct answers. 
(a) The statement i += 
(b) The statement i += 
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i); 


10 is executed by the child only. 
10 is executed by the parent only. 


(c) The child can start executing, only after the termination of the parent process. 


(d) None of the above. 


The value of i, printed by the above program will be 


(a) 10 
(c) 17 


(b) 7 
(d) none of the above 


The exception to the fact that any process in UNIX, has a parent is 


(a) dev 


(b) sh 


(c) kernel (d) login 


Which of the following are shared between a parent process and a child process? 


(a) External variables 
(c) File pointers 


(b) Pointer variables 
(d) Pipes 


Consider the following C program 


main () 

{ 
int j = 7, *i = 
ifo. == fork()) 
xi = (*i + 10); 
else 
{ 

wait (0); 


printf (“%d”, 


& i; 
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The value of i that will be printed is 
(a) 10 (b) 7 
(c) 17 (d) none of the above 


In the previous question, if the declarations are made global (i.e., declared before 
main () ), then the value of i that is printed will be 


(a) 10 (b) 7 
(c) 17 (d) none of the above 
Consider the following program: 


include<signal.h> 


mn() ; 

main () 

{ 

signal(SIGINT, mn); 
for (7 7) | 


mn () 
{ 
printf ("rin "i; 

} 
On receipt of the signal SIGINT 
(a) the default action corresponding to SIGINT will be performed 
(b) the user defined function mn, will be executed 
(c) what happens depends on whether the signal is received for the first time or not 
(d) none of the above 
In the previous question, if the statement 
signal (SIGINT, mn) ; is repeated thrice then 
(a) what happens depends on whether the signal is received for the first time or not. 
(b) what happens depends on whether the signal is received for the fourth time or not. 
(c) it cannot print the message more than three times 
(d) none of the above 
The following sequence of commands 

grep x *.c > mné& 

wc -1 mné& 

rm mn& 
produces the same result as the single command 
(a) grep x *.c | we -l 
(b) wc -1 < grep x *.c 
(c) grep x *.c > we -1 
(d) none of the above 
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The call pipe (p) ; is valid if p had been declared as 
(a) int p (b) int p[2] (c) char *p (d) FILE *p 
Consider the following program: 


include<signal.h> 
main () 
{ 

Signal(SIGINT, mn); 
fork(); 
fork(); 


for(; 7); 


mn () 
{ 
printf (“x\n”); 
} 
Choose the correct statements. 
Pressing the <del> key 
(a) sends the signal, only to the parent process 
(b) sends the signal, to all the four processes 
(c) for the first time, prints x only once 
(d) for the first time, prints x four times 
Consider the following program: 
main () 
{ 
int p[2] 
pipe (p); 
fork(); 
} 
Choose the correct statements. 
(a) The pipe will be recognized only by the parent process. 
(b) p[0] is the file descriptor of the write end of the pipe. 
(c) There will be four file descriptors in memory. 
(d) The pipe will be shared by both the parent and the child processes. 


A process executes the following code (GATE 2008) 
for (i = O; i < n; itt) 
fork ( ); 


The total number of child processes created is 
(a) n (b) 2”-1 (c) 2” (d) 2? -1 
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*87. A process executes the code (GATE 2012) 

fork(); 

fork(); 

fork(); 
The total number of child processes created is 
(a) 3 (b) 4 (c) 7 (d) 8 
l. a,b, c, d 2. ¢ 3. b 4. c 
5. a,b,c 6. d 7. b, c,d 8. a,d 

.d 10. c ll. a 12. c 
13. c 14. a,b 15. b,c 16. b,c 
17. a, b 18. a 19. d 20. b 
21.d 22. b 23. a 24. a 
25. a, b,c 26. a,b,c 27. c 28. b 
29. a 30. a 31. a,b, d 32. a,c 
33. b,c 34. d 35. a,b, c,d 36. b 
37. a,b,c, d 38. c 39. c 40. c 
41. b,c 42. a,c 43. b,c 44. d 
45. b 46. c 47. c 48. b 
49. d 50. c 51. d 52. b 
53. c 54. d 55. b,c 56. b,c, d 
57. a 58. c 59. a,c, d 60. a 
6l. c 62. a,b 63. b,c 64. a,c 
65. c 66. a 67. c 68. b 
69. d 70. d 71. b 72. b 
73. a, b, c, d 74. a 75. b 76. c 
77. c,d 78. b 79. b 80. c 
8l. a 82. d 83. b 84. b, d 
85. c,d 86. b 87. c 


3 $$ 


2. Process is a program in execution. However, if many users are simultaneously executing 
the same program, the system has to differentiate the instances of the program, in use. 
Hence the best answer is (c). 
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Refer Question 2. 
/dev/tty is a synonym for the terminal you are currently using. 


Ifecho welcome > /dev/tty, isa part ofa shell, welcome will be echoed 
in the terminal in which the script is run, doesn’t matter which terminal it is. 
/dev/null can be called UNIX built-in dust-bin. To prevent a program from filling 
the monitor with garbage, /dev/null comes in handy. Just redirect it to /dev/ 
null. It gladly accepts garbage. It is a universal sink. 


. We can use the command chmod 711 noname, followed by chmod 


u+s noname (use 1s -1 noname and check). Else use the single com- 
mand chmod 4711 noname. What is this “s” anyway? Only the super 
user has the permission to change /etc/passwd file. But any user can 
update it through the passwd (/bin/passwd) command. If you type 
ls -1l /bin/passwd you can see the user execution bit set to s instead of x). 


It is because of this “s”, a user can access /etc/passwd through the passwd com- 
mand, for which he is not otherwise entitled to. 

Refer to Question 6. 

argv[0] is a pointer to the command name (here a.out) and argv [1] to the first 
argument. So, argv [1] [2], refers to the third (since count begins at 0) character of 
the first argument which is d. 

argv++, makes argv [0] point to the first argument. So, after argvt++, argv[0] 

will be pointing to God and arg[1] to loves. So, argv[1][2] will be v. 

The redirection symbol >, puts everything that will otherwise be displayed in the screen, 
to the named file (y here). If x.c is syntactically correct, then the command cc x.c, 
silently creates a.out, but what comes to the screen is nothing (other than the next 
prompt). So, y will be empty. 

When you create a file using an editor, it will be assigned default permission setting 
(determined by the umask value). Generally the execute permission will be off. So, 
to run a shell script, set its execute bit on. However, if yourun sh x, x will be 
executed, even if its execute bit is off. 

The sort combines the output of who (‘—’ stands for output of the previous com- 
mand) and contents of file1,and sorts the resultant. So, who | sort - filel 
> file2 is equivalent to the sequence of commands who > x, cat x filel 
> y, sort y > file2. Hence the correct answer is (d). 


The time command uses stderr, instead of stdout to display its results. As a result 
of this, what is redirected to x is just the output of sort filename command and 
not the time details. The time details will be displayed in the screen, since screen by 
default is the stderr. 

Any command that is keyed in will be first processed by the shell, which divides the 
command into tokens, taking into account the metacharacters. So, a b will be divided 
into two tokens a and b. But ‘a b’ or “a b” will passa b as such (i.e. as one 
token). So, argv[2] willbe ‘a b’ and argv[3],“c qa”. Hence the answer. 
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Directory entries have two fields. One for the file name and the other for the i-node num- 
ber. The i-node has many fields for storing all the information about the file, except the 
file name and the actual content of the file. The content of the file will be in a separate 
place. So, the details of any file will be spread over these three places. When a file is 
updated its name and i-node number will remain the same. Only the contents and some 
fields in the i1-node (like file size, time of last access, etc.) need to be changed. Hence 
the answer. 

The mv command, say, mv x y is not going to change the file content, the i-node 
number or other information in the i-node. Only the file name is going to change. The 
file name is present only in the directory. So, the answer is (a). 

For regular (ordinary) files the first character (i.e. b here), will be just an underscore. For 
directories d, for character special files `c” and `b” fora block read special file. The 
last column will have 1p for line printer, hp for disk drives, tty for terminals etc. 
The 3 in 3, 0 denotes the major device number and 0- minor device number. That is, 
this system denotes tape drives by 3 and 0 to single out a particular tape drive from 
the many tape drives, the system may have. 

First, the i-node number corresponding to /dev/tty (i.e., the terminal currently 
used) is procured. Then the i-node is accessed. From it, the system understands, it is 
a character special file. So, whatever you type, if followed by ‘\n’ will be echoed 
in the terminal. Typing control d, also flushes the buffer contents to tty. But unlike 
*\n’, control d is not transmitted. So, if you type ab (^d)cd (^d) first ab will 
be immediately transmitted, then cd will be transmitted. Whenever you press control 
d, then what you have typed between the previous control d (or from the start of the 
current line) to the current control d will be transmitted. So, if you type two control 
d consecutively or a single control d, at the beginning of a line then you are telling it 
to transmit, but nothing is there to be transmitted. So, the command gets terminated. 
Two mistakes. First is the ?. It is a meta character. So, when the shell encounters 
?, it will try for a match, with the files in the current directory, made up of just one 
character. Use \?, to suppress the special meaning of ?. Sanswer means the value 
of the variable answer. Since you are reading the value of the variable answer, it 
should be read answer. 


File descriptors of stdin, stdout, stderrare0, 1 and 2 respectively. 2>&1, 
instructs the shell to merge the stream stderr with stdout. 1>&2, merges stdout 
with stderr. This instruction is valid only for that line in the shell script. Also, if you 
use redirection in the command line itself, the >& takes precedence, if it contradicts. 
cc x.C; a.out- means execute the command cc x.c and then a. out. Ifx.c fails 
to compile successfully, then if there is any executable file a. out, it will be executed. 
So, execution of a. out, has nothing to do with the outcome of cc x.c. In the case of 
cc X.C && a.out,a.out will be executed only if x.c compiles successfully 
(i.e. returns 0 as the exit status). 


* is a metacharacter that matches with any file in the current directory, other than those 
starting with a . (dot). ?x can’t be a file name. If you try to create such a file, say 
with vi ?x command, ? will be interpreted as a metacharacter, and so expanded by 
shell, if matched. 
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The close statement closes the file, whose file descriptor is 1, i.e., stdout. So, 
printf will fail. So, the program immediately terminates. 

read needs three arguments. The first argument should be a file descriptor fd. The 
standard input, stdin has the fd value 0. The second argument should be a pointer 
to character, which is buff by our assumption. The third argument is the number of 
bytes to be read. So it is read (0, buff, 1). 

tr, unlike the other three, cannot access a named file for input. So, to make it access a 
file, say x, we have to use the redirection operator <, i.e. tr (action field) < x. 
When a process executes a fork () statement, a duplicate process is created and both 
the processes execute all the statements following the fork() statement. So, the 
parent process when it executes the first fork statement creates a duplicate process. So, 
we have two processes both of which, will execute the statements printf (“2”) ; 
fork(); fork() printf(*3”) ; So 2 will be printed twice. The next fork () 
call will produce a total of four processes (since it will be executed by the two existing 
processes each of which creates a duplicate process). So, the last fork () call, will 
produce eight processes, all executing printf (“3”). Hence, 3 will be printed 8 
times. Hence the correct answer is (b). 

expr is a shell command that evaluates the arithmetic expression, given as argument 
to it. The multiplication symbol *, will be treated as a metacharacter by the shell. So, 
2*3, will not be interpreted as multiplying 2 and 5. The shell will expand it to include 
all the files in the current directory, starting with 2 and ending with 3. So, the correct 
answer is (c). 

If a shell variable, say x is undefined, echo $x will display an empty line (this 
is the case, if x is set to a null string also). $sh, results in the current shell, fork- 
ing a child shell and waiting for it to terminate. So, x=hai, will be executed 
only by the child shell and hence will not be recognized by the parent shell. As a 
result of the next command Sexport x, x will be passed to any shell forked 
by the child shell. The next command $sh, results in the child shell forking an- 
other shell (let us call it as the grand-child shell) and waiting for it to terminate. So, 
echo $x will be executed by the grand-child shell, which has inherited x and its 
value from the child shell because of the export command used. So, echo $x will 
display hai. 

Execution of the command exit, results in the immediate termination of the current 
shell. In such a case, control will go to its parent shell. So, using exit twice, takes 
us back to the shell that displayed an empty line for echo $x.So,echo $x if run 
after two exit will display an empty line. So, the answer is (c). 

When a process executes a fork() statement the duplicate process that is created 
survives as a separate and independent process. Because of the CPU time slice, either 
of the two may terminate first. If the parent terminates first, the forked process will 
be immediately adopted by the process dispatcher. If you run the ps -al command, 
this is reflected by a O in the status column. 

Any call has to be made by some process. Any process will have an identity number. 
getpid(), returns this number. So, it can never fail. Hence the result. 


Refer Question 52. 
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Execution of the first fork (), results in a total of two processes. The next fork (), 
makes it four. All the four processes, execute the statement printf (“yes”); So, 
yes will be printed four times. 

Before listing, it opens the file xy in the current directory. So, cat xy will display 
xy also. If xy already exists, its contents will be discarded and a new xy is created. 
However, if xy already exists and is write protected, an error message will be dis- 
played on the screen. 

Two things should happen before one sees a message on the screen. First, there should 
be a program that writes that message to a buffer. Secondly, the contents of the buffer 
should be sent to the screen. The buffer is necessary to balance the speed mismatch 
among different communicating devices. This program will put WHATIZIT in the 
buffer. Transfer from buffer to the terminal takes place if the buffer is full or ‘\n’ is 
present in the message or fflush(stdout) is used explicitly. Since none of these 
cases applies to this case, it will not be transferred. So, the command date will be 
executed and displayed in the screen. Then the process terminates. But before termina- 
tion, the buffer contents will be flushed out to the screen by default. So, WHATIZIT 
will be displayed, but after the output of the date command. 

Refer Qn. 67. 

The commands (like date), automatically feed ‘\n’ on termination. So the given 
program prints x and output for date in the same line. So, option (a) is wrong. Hence 
the answer is (b). 

read() does not check, whether the file is locked or not. So it successfully reads from 
a locked file. Same is the case with write(). 


Each fork call creates a duplicate process. So if n is 1, fork will be called only once. 
So two processes will be executing printf (“yes”). So, yes will be printed twice. 
If n=2, four processes and hence 4 “yes” will be printed. If n=3 then 8 yes, 4 then 
16, 5 then 32, which means 24 “yes” is impossible. 

Refer Qn. 67 

Transfer from buffer to a terminal, usually happens on a line by line basis. This is 
called line buffering. That’s why a ‘\n’ forced a buffer flushing. But redirection to a 
file involves block buffering. Only a full buffer or program termination or fflush () 

will initiate the transfer from buffer to the named file. So, when the system command 
is executed, the current contents of the buffer (i.e., the first message) will not be trans- 
ferred. On termination, the contents of the buffer, which has both the messages will be 
flushed out to the file. 

fork returns 0 to the child process and a non-zero integer (1.e., the PID of the created child) 
to the parent. Hence the child process will immediately get terminated as it has nothing 
to execute. But the parent process will be active for at least 100 seconds (because of 
sleep (100) ). Though the child terminates before the parent, the corresponding entry 
in the process table will not be removed till the termination of the parent process. For 
this reason it is called a zombie process. 

Though the parent process has to wait for the termination of the child process (because 
of the wait() statement), the value updated by the child will not be recognized by 
the parent. So, it prints 7. 
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The booting process loads /unix (i.e. kernel) into memory by some firmware and 
software operations. All other processes will be descendants of the process /etc/ 
init which is created by the kernel exclusively for that purpose. 

Refer to Qn. 75. 

Even a pointer variable, which is used to change a value, by the child process, 
will not be recognized by the parent (and vice-versa). Anyway, the statement 
printf (“%d%d”, &j, &i) will produce identical output by both the processes, 
which implies that they use the same address space (of course at different times). 
Even a global variable will not be shared. 

signal (SIGINT, mn) is an instruction to execute the user defined function mn 
(instead of the default function), on receipt of the signal SIGINT. However, a 
second SIGINT will execute the default function. 

Repeating the statement thrice, or any number of times, is equivalent to having only one 
statement, in essence. So the second SIGINT signal, will execute the default code. 
The ampersand, runs the command as a background process. So, the three com- 
mandsrun as separate processes, each competing individually for CPU time slice. If 
they need more than one CPU time slice, the commands will overlap in their execu- 
tion (with respect to time). So, unpredictable things can happen. For example, the first 
process creates the file mn. Before termination if CPU switches over to the second 
process, then wc will act on file mn, whose data is not full. So, choice a is incorrect. 
Choices b and c are syntactically incorrect, as redirection can be done only to a file 
and not a command like wc -1. Hence the answer is d. 

Refer Questions 80 and 81. 


The two fork calls will result in a total of four processes, all of which execute mn () 
on the receipt of signal SIGINT. So, the signal, if received (by pressing the <del> 
key), will be sent to all the four processes. So, four “x” will be printed. One more 
SIGINT will do the default action of terminating the process. 

The read and write ends of the pipe will be passed on to the child process. So, there 
will be four file descriptors in memory, albeit, a pair being duplicated. As a result of 
this duplication, one process may close one end, while the other may use the same as 
an open end. 

n = 1, the main process creates 1 child process. 

n = 2, there will be 3 child processes. 

n = 3, there will be 7 child processes. 


i = n —1, there will be 2” ! child processes. 

Total number of child processes created = 1 +2 +4+.. + aiee ee | 

Let 10 be the PID of the parent process that is executing the first fork() statement. Let 
the execution of the statement spawn a new process with PID 20. Now the second 
fork() statement is executed by both these processes, resulting in the creation of two 
new processes. Let the PIDs of these two processes be 30 and 40. So we are left with 
four processes, all of which execute the third fork( ) statement. This results in the 
creation of four new processes. So there are totally 8 processes one of which has no 
parent—the rest are child processes. 
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Which normal form is considered adequate for relational database design? 
(a) 2 NF (b) 3 NF (c) 4 NF (d) BCNF 
Consider a relational table with a single record for each registered student with the fol- 
lowing attributes. 

1. Registration Num: Unique registration number of each registered student 

2. UID: Unique identity number, unique at the national level for each citizen 

3. BankAccount_Num: Unique account number at the bank. A student can have multiple 

accounts or joint accounts. This attribute stores the primary account number. 
4. Name: Name of the student 
5. Hostel_Room: Room number of the hostel 


Which of the following options is INCORRECT? (GATE 2011) 
(a) BankAccount_Num is a candidate key 

(b) Registration _Num can be a primary key 

(c) UID is a candidate key if all students are from the same country 

(d) If S is a superkey such that S N UID is NULL then S U UID is also a superkey 
Consider a relational table r with sufficient number of records, having attributes A,, A,, 
.... A, and let 1 < p < n. Two queries Q, and Q, are given below. 

Ql: TEA, ous Ap (Oa, =  (r)) where c is a constant 


Q2: TA i, Ap (oc < Ap Sc (r)) where c and c, are constants 


The database can be configured to do ordered indexing on A, or hashing on A,. Which 
of the following statements is TRUE? (GATE 2011) 
(a) Ordered indexing will always outperform hashing for both queries. 

(b) Hashing will always outperform ordered indexing for both queries. 

(c) Hashing will outperform ordered indexing on Q,, but not on Q}. 

(d) Hashing will outperform ordered indexing on Q,, but not on Q}. 
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A functional dependency of the form X —> Y is trivial if 
(a) YoX b) Yo X 
(c) XCY (d) Xc YandYcxX 


If every non-key attribute is functionally dependent on the primary key, then the relation 
will be in 


(a) first normal form (b) second normal form 

(c) third normal form (d) fourth normal form 

The column of a table is referred to as the 

(a) tuple (b) attribute (c) entity (d) degree 
The next four questions are based on the following details. 


Consider the given schemes. 


Branch _scheme = (Branch_name, assets, Branch _city) 

Customer _ scheme = (Customer_name, street, Customer city) 
Deposit_scheme = (Branch _name, account_number, Customer _ name, balance) 
Borrow_scheme = (Branch_name, loan_number, Customer_name, amount) 
Client_scheme = (Customer_name, banker_name) 


Using relational algebra, the query that finds customers who have a balance of over 1000 is 
(a) Toustoner nane (Obarance > 1000 (Deposit) ) 

(b) Osustoner name (Mearns > 1000 (Deposit) ) 

(C) Meistoner nans ( Opstancs +2000 (BOPEOW).) 

(d) Osustoner nane (Moarance > 1000 (BOrrow) ) 

Which of the following queries finds the clients of banker Agassi and the city they live in? 


(a) Morient -Customer_name.Customer_ City CO. Scene .Customer_name=Customer.Customer_name 


(Onanker name=*agassir (Client x -Custemer).) 
(b) Neustomer_name.Customer City (Oy chet errata aly (Client x Customer) ) 
(c) MWerient.customer_name.Customer_ City (O raer nanea (One rer nates t ORDAS 
(Client X Customer) ) 
(d) Teustomer_name.Customer City (Orare aneen (Client x Customer) ) 
Which of the following tuple relational calculus finds all customers who have a loan 
amount of more than 1200? 


(a) (t (Customer name) | t € borrow A t[amount] > 1200} 
(b) {t | t(Customer name) € borrow A t[amount] > 1200} 
(c) {t | 3 s € borrow (t[Customer name] = s[Customer_ name] 


A s[amount] > 1200) } 
(d) None of the above 
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Which of the following Domain relational calculus finds all customers who have a loan 
amount of over 1200? 


(a) {<c>| 3 b, 1, a (<b, 1, c, a> € borrow V a > 1200)} 
(b) {<c>| 3 b, 1, a (<b, 1, Cc, a> € borrow A a > 1200)} 
(c) {<c>| 3 <b, 1, c, a> € borrow A a > 1200) } 
(d) {<c>| <b, 1, c, a> € borrow A a > 1200) } 
Given the functional dependencies 

X7W; X>Y; YO ZandZ—- PO 
which of the following does not hold good? 


(a) XZ b) WZ 
(c) X > WY (d) None of the above 
Which of the following is TRUE? (GATE 2012) 


(a) Every relation in 3NF is also in BCNF. 


(b) A relation R is in 3NF if every non-prime attribute of R is fully functionally de- 
pendent on every key of R. 


(c) Every relation in BCNF in also in 3NF. 

(d) No relation can be in both BCNF and 3NF. 

The data flow model of an application mainly shows 

(a) the underlying data and the relationships among them 
(b) processing requirements and the flow of data 

(c) decision and control information 

(d) communication network structure 


Consider the set of relations given below and the SQL query that follows: 
Students: (Roll number, Name, Date_of_birth) 
Courses: (Course_number, Course_name, Instructor) 
Grades: (Roll number, Course_number, Grade) 


SELECT DISTINCT Name 
FRO Students, Courses, Grades 
WHERE Students.Roll number = Grades.Roll number 
AND Courses.Instructor = Korth 
AND Courses.Course number = Grades.Course number 


AND Grades.Grade = A 
Which of the following sets is computed by the above query? 
(a) Names of students who have got an A grade in all courses taught by Korth 
(b) Names of students who have got an A grade in all courses 


(c) Names of students who have got an A grade in at least one of the courses taught by 
Korth 


(d) None of the above 
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Given the basic ER and relational models, which of the following is INCORRECT? 
(GATE 2012) 
(a) An attribute of an entity can have more than one value. 
(b) An attribute of an entity can be composite. 
(c) In a row of a relational table, an attribute can have more than one value. 
(d) In a row of a relational table, an attribute can have exactly one value or a NULL 
value. 
In airline reservation system, the entities are date, flight number, place of departure, 
destination, type of plane and seats available. The primary key is 
(a) flight number (b) flight number + place of departure 
(c) flight number + date (d) flight number + destination 
For a database relation R(a,b,c,d) where the domains of a,b,c, and d include only atomic 
values, only the following functional dependencies and those that can be inferred from 
them hold. 
a->c 
bod 
The relation is in 
(a) first normal form but not in second normal form 
(b) second normal form but not in third normal form 
(c) third normal form 
(d) none of the above 
Suppose R,(A, B) and R,(C, D) are two relation schemas. Let r; and r, be the 
corresponding relation instances, B is a foreign key that refers to C in R,. If data in 
r, and r, satisfy referential integrity constraints, which of the following is ALWAYS 


TRUE? 
(GATE 2012) 


(a) Mr - Ir) = 2 

(b) Her» - Ta) = © 

(c) Me = Het) 

(d Me) - Her) +2 

An index is clustered, if (GATE 2013) 
(a) it is on a set of fields that form a candidate key 

(b) it is on a set of fields that include the primary key 


(c) the data records of the file are organized in the same order as the data entries of the 
index 


(d) the data records of the file are organized not in the same order as the data entries of 
the index 


Consider the following relational schema. 
Students(rollno: integer, sname: string) 
Courses(courseno: integer, cname: string) 


Registration(rollno: integer, courseno: integer, percent: real) 
Which of the following queries are equivalent to this query in English? 
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“Find the distinct names of all students who score more than 90% in the course 
numbered 107” (GATE 2013) 


(I) SELECT DISTINCT S.sname 
FROM Students as S, Registration as R 
WHERE R.rollno=S.rollno AND R.courseno=107 And R.percent>90 
AD THnamelCcourseno=107 ^ percent>90 (Registration œx Students)) 
(ID) {T|3Se Students, JRE Registration (S. rollno=R.rollno ^ 
R.courseno=107 ^ R.percent>90 AT.sname=S.sname)} 
(IV) {<Sy>| ASpaRp(<Sp, Sy>e Students ^ <Sp, 107, Rp>e Registration A Rp>90)} 
(a) I, I, UI and IV (b) I, II and III only 
(c) I, IH and IV only (d) II, II and IV only 
In an entity relationship, y is the dominant entity and x is a subordinate entity. Which 
of the following is/are incorrect? 
(a) Operationally, if y is deleted, so is x 
(b) x is existence dependent on y 
(c) Operationally, if x is deleted, so is y 
(d) Operationally, if x is deleted, y remains the same 
A data model is a collection of conceptual tools for describing 
(a) data and data relationships 
(b) data semantics and consistency constraints 
(c) data, data relationship, data semantics and consistency constraints 
(d) none of the above 
The employee information in a company is stored in the relation 
Employee: (name, sex, salary, deptName) 
Assume name is the primary key. Consider the SQL query 
SELECT deptName 
FROM Employee 
WHERE sex = M 
GROUP BY deptName 
HAVING avg(salary) > (SELECT avg(salary) FROM Employee) 
It returns the names of the departments in which the average salary 


(a) is more than the average salary in the company 

(b) of the male employees is more than the average salary of all the male employees in 
the company. 

(c) of the male employees is more than the average salary of the employees in the same 
department. 

(d) of the male employees is more than the average salary in the company. 


Information about a collection of students is given by the relation studInfo (studId, 
name, sex). The relation enroll (studId. courseld) gives which student has enrolled 
for (or taken) what course(s). Assume that every course is taken by at least one male 
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and at least one female student. What does the following relational algebra expression 
represent? (GATE 2007) 


Th satseta (Ul stuata (Osex = “female” (studInfo)) x TY siitseta (enroll)) = enroll) 


(a) Courses in which all the female students are enrolled. 

(b) Courses in which a proper subset of female students are enrolled. 
(c) Courses in which only male students are enrolled. 

(d) None of the above. 

Choose the incorrect statements. 


(a) In network model, data is represented by a collection of records, and relationship 
among data are represented by links. 


(b) In hierarchical model, data and relationships among data are represented by records 
and links respectively. 


(c) In hierarchical model, the records are organized as a collection of arbitrary graphs. 
(d) In network model, the records are organized as a collection of trees. 

Student and courses enrolled, is an example of 

(a) one-to-one relationship (b) one-to-many relationship 

(c) many-to-one relationship (d) many-to-many relationship 


Consider the following schedules involving two transactions. Which one of the following 
statements is TRUE? (GATE 2007) 


Si VODs (Ds Ds (Ys w; wA 
Sz: rX; rna); nA); w); r); wi) 
(a) Both S, and S, are conflict serializable. 
(b) Sı is conflict serializable and S, is not conflict serializable. 
(c) Sı is not conflict serializable and S, is conflict serializable. 
(d) Both S, and S, are not conflict serializable. 
Choose the correct statement. 
(a) An alternate key is a candidate key that is not a primary key 
(b) An alternate key is a primary key that is not a candidate key 
(c) An alternate key is a candidate key that is also a primary key 
(d) None of the above 


E-R modeling technique is a 

(a) top-down approach (b) bottom-up approach 

(c) left-right approach (d) none of the above 

Third normal form is inadequate in situations where the relation 

(a) has multiple candidate keys (b) has candidate keys that are composite 
(c) has overlapped candidate keys (d) none of the above 

Redundancy is dangerous as it is a potential threat to data 

(a) integrity (b) consistency 


(c) sufficiency (d) none of the above 
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Let R be a relation. Which of the following comments about the relation R are correct? 
(a) R will necessarily have a composite key if R is in BCNF but not in 4NF 

(b) If R is in 3NF and if every key of R is simple, then R is in BCNF 

(c) If R is in BCNF and if R has at least one simple key, then R is in 4NF 

(d) If R is in 3NF and if its every key is simple, then R is in 5NF 


An attribute of one table matching the primary key of another table, is called as 
(a) foreign key (b) secondary key 
(c) candidate key (d) composite key 


A primary key if combined with a foreign key creates 

(a) parent child relationship between the tables that connect them 

(b) many-to-many relationship between the tables that connect them 

(c) network model between the tables that connect them 

(d) none of the above 

Choose the correct statement. 

(a) Network models are complicated by physical keys, but the relational model is faster 
because it uses logical keys. 

(b) Network models are complicated by logical keys, but the relational model is faster 
because it uses physical keys. 

(c) Network models are complicated by logical keys, but the relational model is slower 
because it uses physical keys. 


(d) Network models are complicated by physical keys, but the relational model is slower 
because it uses logical keys. 


The employee salary should not be greater than Rs. 2000. This is 


(a) integrity constraint (b) referential constraint 

(c) over-defined constraint (d) feasible constraint 
Manager’s salary details are hidden from the employee. This is 

(a) conceptual level data hiding (b) physical level data hiding 
(c) external level data hiding (d) none of the above 


The SQL expression 

select distinct T.branch_name from branch T, branch 3 
where T.assets > S.assets and S.branch_ city = “PONDICHERRY” 
finds the names of 

(a) all branches that have greater assets than any branch located in PONDICHERRY 
(b) all branches that have greater assets than all branches located in PONDICHERRY 
(c) the branch that has the greatest asset in PONDICHERRY 

(d) any branch that has greater asset than any branch located in PONDICHERRY 

A trigger is 

(a) a statement that enables to start any DBMS 

(b) a statement that is executed by the user when debugging an application program 
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(c) a condition the system tests for the validity of the database user 
(d) a statement that is executed automatically by the system as a side effect of a modifi- 
cation to the database 


The next two questions are based on the following information. 


Entity TRANSACTION has the attributes transaction number, date, amount. 
Entity ACCOUNT has the attributes account number, customer name, balance. 


40. 


41. 


42. 


43. 


44, 


*45, 


46. 


Which is the discriminator of the weak entity? 


(a) Account number (b) Transaction number 

(c) {Account number, date} (d) date 

Which is the primary key of the weak entity? 

(a) Account number (b) {Account number, transaction number} 
(c) {Account number, date} (d) {Transaction number, date} 


Consider the relation 


EMPLOYEE (Emp-no, Emp-name, salary, project-no, due-date) 


(Assuming an 1-1 relationship between project and employees) 


Project-—no is functionally dependent on 
(a) Emp-name (b) Emp-no 
(c) due-date (d) none of the above 


In the previous question, which of the following is/are functionally dependent on 
Emp-name? (Assume no two persons have the same name.) 


(a) Emp-no (b) Project-no, salary 

(c) Salary, due-date (d) Emp-no, salary, project-no, due-date 
Let R(a,b,c) and S(d,e f) be two relations in which d is the foreign key of S that refers 
to the primary key of R. Consider the following four operations. 

(a) Insert into R (b) Insert into S 

(c) Delete from R (d) Delete from S 

Which of the following is true about the referential integrity constraint above? 

(a) None of them can cause any violation 

(b) All of them can cause violation 

(c) Operations a) and d) can cause violation 

(d) Operations b) and c) can cause violation 

Which one of the following statements is FALSE? (GATE 2007) 
(a) Any relation with two attributes is in BCNF. 

(b) A relation in which every key has only one attribute is in 2NF. 

(c) A prime attribute can be transitively dependent on a key in a 3NF relation. 

(d) A prime attribute can be transitively dependent on a key in a BCNF relation. 


If P and Q are predicates and P is the relational algebra expression, then which of the 
following equivalence are valid? 
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(a) 6, (6g (2) = og (0, (e)) Œ) 6, (69 (€) = Spro ©) 
(c) Sg (©, (2)) = pag () (d) None of the above 
Generally speaking, for a weak entity set to be meaningful it must be part of a 
(a) one-to-one relationship (b) one-to-many relationship 
(c) many-to-many relationship (d) none of the above 
If a relation scheme is in BCNF, then it is also in 
(a) first normal form (b) second normal form 
(c) third normal form (d) none of the above 
Consider the following set of functional dependencies on the scheme (A, B, C). 
A —> BC 
BoC 
Ay~B 
AB > C 
The canonical cover for this set is 
(a) A > BC and B > C (b) A > BC and ABO C 
(c) A> BC and A —> B (d) A —> B and B > C 


Assume transaction A holds a shared lock R. If transaction B also requests for a shared 
lock on R, it will 

(a) result in a deadlock situation 

(b) immediately be granted 

(c) immediately be rejected 

(d) be granted as soon as it is released by A 

Consider the relation employee (name, sex, supervisorName) with name as the key. 
supervisorName gives the name of the supervisor of the employee under consideration. 
What does the following Tuple Relational Calculus query produce? (GATE 2007) 
{e.name | employ (e) s 

(Vx) [A employee (x) v x.supervisorName # e.name v 
x.sex = “male”]} 

(a) Names of employees with a male supervisor. 

(b) Names of employees with no immediate male subordinates. 


(c) Names of employees with no immediate female subordinates. 


(d) Names of employees with a female supervisor. 


Consider two transactions T} and 7>, and four schedules S,, S2, S3, S4 of T; and T, as 
given below: (GATE 2009) 


Ti : Ril] Wi Lx] Wily] 
T, : Rix] Roly] Wb] 
Si : Ri] Rix] Roly] WL] WL] WL] 
Sy: Rix] Rix] Roly] WL] Woy] WD] 
S3 : Rix] Wi Lx] Robe] My Ly] Roly] WoL] 
Sy: Rix] Roly] Rib] Mb] Mb] Wb] 
Which of the above schedules are conflict-serializable? 


*53. 


*54. 
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(a) Sı and S, (b) S, and S; (c) S; only (d) S, only 
The following functional dependencies hold for relations R(A, B, C) and S(B, D, E): 
B > 4A, 


ADC 
The relation R contains 200 tuples and the relation S contains 100 tuples. What is the 
maximum number of tuples possible in the natural join R p< S? (GATE 2010) 
(a) 100 (b) 200 (c) 300 (d) 2000 


Consider the following transactions with data items P and Q initialized to zero: 
T,: read (P); 


read (Q); 

if P = 0 then Q : =Q +4 1; 
write (Q). 
Tọ: read (Q); 

read (P) ; 

if Q = 0 then P : = P + 1; 


write (P). 
Any non-serial interleaving of T; and T, for concurrent execution leads to 
(a) a serializable schedule 
(b) a schedule that is not conflict serializable 
(c) a conflict serializable schedule 
(d) a schedule for which a precedence graph cannot be drawn 


b 2. a,b,c 3. a 4. a 

c 6. b 7.a 8. a,c 

c 10. b 11. b 126 

b 14. c 15. c 16. c 

a 18. a 19. c 20. a 

c 22. ¢ 23. d 24. d 
c,d 26. d 27:6 28. a 

a 30. a,b,c 31. a,b 32. a, b,c, d 
a 34. a 35. a 36. a 

c 38. a 39. d 40. b 

b 42. b 43. a,b,c,d 44. d 

d 46. a, b,c 47. b 48. a, b,c 
a 50. b 51. b 52. c 

a 54. b 
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15. 


18. 


19. 
20. 


24, 


BankAccount_Num is not a candidate key because it need not uniquely identify a student. 
For example, two students A and B, may be joint account holders of the same account 
that is the primary account for both. Moreover, BankAccount_Num is unique only at 
the bank level. This means two banks may issue the same account number for different 
students. 


. Since the attribute values that are displayed are not part of the same index key, any 


index scan has to be followed by table access. The query cannot output the result by 
accessing the index table alone. So, the projection part of the queries have no bearing 
on the query performance. 

The query performance depends on the particular execution plan chosen by the SQL 
engine. If the attributes are indexed (doesn’t matter if the index is unique or non-unique, 
doesn’t matter if the indexing is ascending or descending), index range scan can gather 
the row addresses of all the tuples that make up the result set, from the index table. 
The query performance will be good. Note that the optimizer may decide to do a full 
table scan (as opposed to index range scan) if the information about the data skewness 
is unavailable, or, the number of rows in the result set is a significant percentage (even 
15% is considered significant) of the total number of tuples in the relation. Hashing 
(like merge sorting) is of much relevance only when we join tables to pull the result 
set. 

BCNF is 3NF with additional constraints. So, every relation in BCNF is also in 3NF. A 
relation in 3NF need not be in BCNF. 

In a row, an attribute’s value has to be only one. The value can be NULL or composite 
(concatenation of atomic values separated by a delimiter). 


Referential integrity constraint enforces the condition that to INSERT a tuple into relation 
R, the value of R,.B has to exist in R,.C. To UPDATE a tuple in R,, the UPDATED 
value must exist in R,.C. In other words, any value R,.B in must be in R,.C. 


R,.C may have values that are not in R,.B 

Example: R,(StudentId, DepatmentID) and R,(DepartmentID, NumberOfTeachers) 
Because of this, retrieval time of sequential data is fast. 

To answer that question, we need information from relations Students and Registration. 
So, the FROM clause should be Students, Registration. 

The filter criteria should be, 

(Registration.rollno = Students.rollno) AND (Registration.courseno = 107) AND 
(Registration.percent > 90). 

So option (I) is correct. The other three options are equivalent representations. 

(Tstuata Orextemare( StudInfo)) X Zeousea(enroll)) represents studId of all the female students 
and the courseld they have enrolled for. Note that this will be a subset of enroll. This 
implies, 

(Tsuda, Sroxtemate( StUdInfO)) X Meoursera(enroll)) — enroll) will be empty. So the given relational 
algebra expression doesn’t return any tuple. 


27. 


45. 


51. 
52. 
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A transaction is a collection of actions (that are usually read, write, commit, abort). A 
schedule is an ordered collection of actions from different transactions. r,(X) denotes 
transaction | reading the value variable X. w,(Y) denotes transaction 2 writing (changing 
the value of) variable Y. Two or more actions in a schedule are said to be in conflict 
if they access the same variable, they belong to different transactions, and at least one 
of the actions is a write. In schedule S,, the actions r,(Y) and w,(Y) are in conflict (they 
are two different transactions, they access the same variable Y, and one of the actions 
is a write). In schedule S,, the actions w,(X) and r,(X) are in conflict (they are two dif- 
ferent transactions, they access the same variable X, and one of the actions is a write). 
Thus both the given schedules have conflicting actions. 

To find if a schedule is conflict serializable, draw the precedence graph. If the graph 
has no cycles then the schedule is conflict serializable. In a precedence graph, the nodes 
are transactions. A directed edge is defined between a node 7; to node T, if (and only 
if) there is an action in T, that is in conflict with an action in T, and, in the schedule’s 
listing of ordered actions, this action in T, precedes the action 7;. Find below the pre- 
cedence graph for schedule S,. 


Note: The presence of the conflicting actions r,(Y) and w,(Y), and, the occurrence of 7,(Y) 
before w,(Y) resulted in the directed edge from T, to 7,. The presence of the conflict- 
ing actions r,(X) and w,(X), and, the occurrence of r,(X) before w,(X) resulted in the 
directed edge from T, to T.. 


The presence of a cycle indicates that schedule S, is not conflict serializable. 
Find below the precedence graph for schedule S. 


= 2 


Note: The presence of the conflicting actions r,(X) and w,(X), and, the occurrence of 
r,(X) before w,(X) resulted in the directed edge from T, to T,. No edge could be defined 
from T, to T.. 


The absence of a cycle indicates that schedule S, is conflict serializable. 

Consider the functional dependency X — Y. 3NF permits this dependency if Y is a 
primary-key attribute and X is not a candidate key. However, BCNF doesn’t permit 
this. It insists that A be a candidate key. 

This answer may be incorrect. It is quite possible that this question has typo. 

In all the other options, one transaction overwrites the value of y written by another. 


Since A is functionally dependent on B, you can derive the value of A from the value 
of B. 


Since C is functionally dependent on A, you can derive the value of C from the value 
of A. 
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So, in essence, if you know the value of B, you’!l know the values of A and C. If two 
rows of relation R have the same value for attribute B, the two rows become identical, 
and they become duplicate rows. Since relations don’t store duplicate rows (in general), 
all the 200 tuples of relation R are different. Since natural join is the equijoin on the 
common attribute B, it will have a maximum of 100 tuples. 


54. Refer to explanation of Question 27. 


*2. 


SOL“PLUS, 
SOL and PL/SOL 


Questions 1 to 91 are from SQL. 


. NOT BETWEEN 10 AND 20 


(a) displays NULL values (b) does not display NULL values 
(c) may display NULL values (d) none of these 
The SQL statement 


SELECT SUBSTR(*‘123456789', INSTR(‘abcabcabc’, `b’), 4) FROM 
DUAL ; 


prints 
(a) 6789 (b) 2345 (c) 1234 (d) 456789 
*3. The SELECT statement 
SELECT ‘Hi’ FROM DUAL WHERE 1 = NULL; 
outputs 
(a) Hi (b) FALSE (c) TRUE (d) nothing 
4. Which of the following group functions ignore NULL values? 
(a) MAX (b) COUNT (c) SUM (d) COUNT(*) 
*5 Table Employee has 10 records. It has a non-NULL SALARY column which is also 


*6. 


UNIQUE. The SQL statement 
SELECT COUNT (*) 


FRO EMPLOYEE 

WHERE SALARY > ANY (SELECT SALARY FROM EMPLOYEE); 
prints 

(a) 10 (b) 9 (c) 5 (d) 0 


The SQL statement 

SELECT SUBSTR(‘abcdefghij’, INSTR(‘123321234’, ‘2’, 3, 2), 
2) FROM DUAL; 

prints 


(a) gh (b) 23 (c) be (d) ab 
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. From the following combinations of wildcard characters, choose those that are equivalent. 


(a) % (b) _% (ce) %_ (d) 


. The SQL statement 


SELECT ROUND (45.926, -1) FROM DUAL ; 


(a) is illegal (b) prints garbage (c) prints 045.926 (d) prints 50 

. Which of the following must be enclosed in double quotes? 
(a) Dates (b) Column Alias (c) Strings (d) All of these 
If the SQL statement 
SELECT NEXT DAY (’01-SEP-95', ‘FRIDAY’ ) FROM DUAL ; 
prints 
08-SEP-95 


what will the SQL statement 
SELECT NEXT DAY (’01-SEP-95', ‘SATURDAY’) FROM DUAL ; 
print? 


(a) 09-SEP-95 (b) 02-SEP-95 (c) 05-SEP-95 (d) 06-SEP-95 
The SELECT statement 

SELECT ‘Hi’ FROM DUAL WHERE 1 != NULL; 

outputs 

(a) TRUE (b) Hi (c) FALSE (d) nothing 

In SQL, 10/NULL will evaluate to 

(a) FALSE (b) -1 (c) NULL (d) 10 

Almost all the DATE functions return a value of data type DATE, except 

(a) MONTHS BETWEEN (b) ROUND 

(c) NEXT_DAY (d) TRUNC 


The SELECT statement 
SELECT LOWER (‘*AbCd’), UPPER(‘AbCd’), INITCAP(‘*AbCd eFgh’) FROM 
DUAL; 


will print 

(a) abcd ABCD Abcd Efgh (b) abcd ABCD ABCD EFGH 

(c) abcd ABCD abcd efgh (d) abcd ABCD aBCD eFGH 

The SQL statement 

SELECT TRUNC (45.926, -1) FROM DUAL ; 

(a) is illegal (b) 5 (c) prints 45.9 (d) prints 40 
The SQL statement 

SELECT SUBSTR(‘123456789’, INSTR(‘abcabcabe’, `b’, 4)) FROM 
DUAL ; 

prints 

(a) 2345 (b) 6789 (c) 56789 (d) 89 


The SQL statement 

SELECT SYSDATE FROM DUAL ; 
prints 

06-FEB-05 


Consider the three SQL statements 


E( (LTRIM ( 


-- Statement 1 


SELECT TO DAT 
YY’) 

FROM DUAL; 
SELECT TO DAT 
DD, YY’) 

FROM DUAL; 
SELECT TO DAT 
FROM DUAL; 


E( (RTRIM ( 


-- Statement 2 
( ‘NOV 23, 
-- Statement 3 


Which of these statements gives the same output? 
(a) Only Statement 1 and Statement 2 


(b) Only Statement 1 and Statement 3 
(c) Only Statement 2 and Statement 3 


(d) All the three statements give the same output 
The next twenty questions (18-37) are based on the following three tables. 
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RTRIM(*‘NOV 23, 2005’))), ‘Mon DD, 
LTRIM(* NOV 23, 2005 `))), ‘Mon 
2005’, ‘Mon DD, YY’) 


( Table Name: CustInfo 


CUSTNUM CITY ORDERNUM 
1001 Kanpur 2001 
1002 Vizag 2002 
1003 Guntur 2003 
1004 Agra 2004 
1005 Guntur 2005 
1006 Pune 2006 
1007 Guntur 2007 
1008 Pune 2008 
1009 Delhi 2009 
1010 Imphal 2010 
Table Name: OrderInfo 
ORDERNUM ORDERDATE ORDEREDITEM QUANTITY 

2001 02-FEB-05 Pen 5 

2001 02-FEB-05 Pencil 3 

2002 13-JAN-05 Pen 3 

2002 13-JAN-05 Pencil 8 

2003 11-JAN-05 Table 1 

2004 11-JUN-04 Chair 4 

1 


17-APR-01 


Pen 


2007 21-JUL-04 Pencil 20 
2008 15-JAN-05 Table 2 
2009 10-OCT-02 Table 1 
2009 10-OCT-02 Pen 1 
2009 10-OCT-02 Pencil 1 
2010 18-OCT-03 Table 1 


~ 
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ae Table Name: ItemInfo > 
ITEMNAME UNITPRICE (in Rs.) 
Pen 10 
Pencil 2 
Table 101 
g Chair 26 D 
*18. Which of the following could be the primary key of the OrderInfo table? 
(a) OrderNum (b) OrderDate 
(c) OrderedItem (d) None of these 
*19. Which of the following could be the secondary key of the OrderInfo table? 
(a) OrderNum (b) OrderDate 
(c) OrderedItem (d) None of these 
*20. If someone talks of order header information, probably he/she is referring to the table 
(a) CustInfo (b) OrderInfo 
(c) ItemInfo (d) none of these 
*21. The SQL statement 
SELECT SUM(B.Quantity * C.UnitPrice) 
FRO CustiInfo A, OrderiInfo B, ItemInfo C 
WHERE A.custNum = 1009 
AND A.OrderNum = B.OrderNum 
AND B.Ordereditem = C.ItemName; 
prints, 
(a) 101 (b) an unpredictable value 
(c) 1139 (d) none of these 
*22. To answer the question ‘Whose bill is the highest’ we need to write a SQL query that 
joins the tables 
(a) CustInfo, OrderInfo, and ItemInfo (b) OrderInfo and ItemInfo 
(c) CustInfo and ItemInfo (d) none of these 
*23. How many rows does the following SQL query print? 
SELECT DISTINCT A.OrderNum, B.OrderNum 
FROM CustiInfo A, OrderInfo B 
GROUP BY (A.OrderNum, B.OrderNum) ; 
(a) 10 (b) 24 (c) 100 (d) 240 
24. Fill the blanks in the following query that finds the number of orders that ordered for 


either pen or pencil. 
SELECT (DISTINCT ) 
FROM OrderInfo B 
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WHERE B. OrderedItem = ‘Pen’ B. Ordereditem = 
(a) COUNT, OrderNum, OR, ‘Pencil’ 

(b) COUNT, OrderNum, ‘OR’, ‘Pencil’ 

(c) UNIQUE, OrderNum, OR, ‘Pencil’ 

(d) None of these 


25. Fill the blanks in the following query that finds the number of customers who ordered 
for either pen or pencil. 


SELECT COUNT ( A.CustNum) 

FROM CustiInfo A, OrderInfo B 

WHERE A.OrderNum = B.OrderNum 

B.Ordereditem (‘Pen’, ‘Pencil’); 

(a) ALL, AND, NOT IN (b) ALL, OR, IN 

(c) DISTINCT, AND, IN (d) DISTINCT, OR, IN 
*26. Which of the following CustNum will not be displayed by the following SQL query? 

SELECT A.CustNum 

FROM CustiInfo A, OrderInfo B 

WHERE A.OrderNum = B.OrderNum 

AND B.OrderediItem = ‘Pen’ 

UNION 

SELECT A.CustNum 

FROM CustInfo A, OrderInfo B 

WHERE A.OrderNum = B.OrderNum 

AND B.OrderediIitem = ‘Pencil’; 

(a) 1006 (b) 1007 (c) 1008 (d) 1009 
*27. How many rows will be displayed by the following SQL query? 

SELECT A.CustNum 

FROM CustiInfo A, OrderInfo B 

WHERE A.OrderNum = B.OrderNum 

AND B.OrderediItem = ‘Pen’ 

UNION ALL 

SELECT A.CustNum 

FROM CustInfo A, OrderInfo B 

WHERE A.OrderNum = B.OrderNum 

AND B.Ordereditem = ‘Pencil’; 

(a) 7 (b) 8 (c) 9 (d) 10 


*28. Which CustNum will not be displayed by the following SQL query? 
SELECT A.CustNum 

FRO CustiInfo A, OrderInfo B 

WHERE A.OrderNum = B.OrderNum 
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AND B.Ordereditem = ‘Pen’ 

INTERSECT 

SELECT A.CustNum 

FROM CustInfo A, OrderInfo B 

WHERE A.OrderNum = B.OrderNum 

AND B.Ordereditem = ‘Pencil’; 

(a) 1001 (b) 1002 (c) 1006 (d) 1009 
How many CustNum will be displayed by the following SQL query? 


SELECT DISTINCT A.CustNum 
FROM CustInfo A, OrderInfo B 
WHERE A.OrderNum = B.OrderNum 
AND B.OrderedItem NOT IN (SELECT A.OrderedItem 

FROM OrderInfo A 

WHERE A.OrderNum IN (2001, 2002)); 
(a) 4 (b) 5 (c) 6 (d) 7 
How many CustNum will be displayed by the following SQL query? 


SELECT A.CustNum 

FROM CustInfo A, OrderInfo “B 

WHERE A.OrderNum = B.OrderNum 

AND B.Ordereditem IN (*Pen’, ‘Pencil’ ) 
INTERSECT 

SELECT A.CustNum 

FROM CustiIinfo A, OrderInfo “B 

WHERE A.OrderNum = B.OrderNum 

AND B.Ordereditem NOT IN (‘Pen’, ‘*Pencil’); 
(a) 0 (b) 1 (c) 4 (d) 5 


How many CustNum will be displayed by the following SQL query? 


SELECT DISTINCT A.CustNum 

FROM CustInfo A, OrderInfo B 

WHERE A.OrderNum = B.OrderNum 

AND A.City IN (‘Kanpur’, ‘Guntur’ ) 

AND B.OrderediIitem IN (‘*Table’, ‘Chair’); 

(a) 0 (b) 1 (c) 2 (d) 3 


How many CustNum will be displayed by the following SQL query? 


SELECT DISTINCT (A.CustNum) 

FROM CustiInfo A, OrderInfo B 

WHERE A.OrderNum = B.OrderNum 

AND B.OrderediItem IN (‘Table’, ‘Chair’, ‘Pen’, ‘Pencil’) 


33. 


*34. 


*35. 


*36. 


SQL*Plus, SQL and PL/SQL 345 


SELECT DISTINCT (A.CustNum) 

FROM CustiInfo A, OrderInfo B 

WHERE A.OrderNum = B.OrderNum 

AND A.City IN (‘Kanpur’, ‘Vizag’, ‘Guntur’, ‘Agra’, 
‘Pune’, ‘Delhi’, ‘Imphal’); 

(a) 0 (b) 1 (c) 2 (d) 3 

Which of the following remarks about the following query are true? 


ECT DISTINCT (A.CustNum) 


RO CustInfo A, OrderInfo B 


= H uv 


ERE A.OrderNum = B.OrderNum 


D B.OrderedItem = (SELECT C.ItemName 
FROM ItemInfo C 
WERE C.UnitPrice = (SELECT Max(C. UnitPrice) 
FROM ItemInfo C)); 


(a) This query is syntactically wrong 

(b) It returns 5 rows 

(c) One of the CustNum returned is 1008 

(d) It returns all CusNum that ordered a table 


Which of the listed options can fill the blank if the following query displayed exactly 
6 rows? 


SELECT DISTINCT (A.CustNum) 

FRO CustInfo A, OrderInfo B 

WHERE A.OrderNum = B.OrderNum 

AND B.OrderedItem IN (SELECTC.ItemName 

FRO ItemInfo @ 

WHERE C.UnitPrice > ___); 

(a) 2 (b) 8 (c) 20 (d) 30 


What is the CustNum that will be displayed by the following query? 


SELECT DISTINCT (A.CustNum) 
FROM CustInfo A, OrderInfo B 
WHERE A.OrderNum = B.OrderNum 
AND B.OrderDate = (SELECT MAX(C.OrderDate) 
FROM OrderInfo C); 
(a) 1001 (b) 1002 (c) 1003 (d) 1004 


How many rows are returned by the following query? 
SELECT DISTINCT (A.CustNum) 
FROM CustInfo A, OrderInfo B 
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WHERE A.OrderNum = B.OrderNum 

AND B.OrderDate BETWEEN ‘11-JUN-04’ AND ‘02-FEB-05’ ; 
(a) 4 (b) 5 (c) 6 (d) 7 

The query 

SELECT SYSDATE FROM DUAL; 

displays 

02-FEB-05 


How many rows will be displayed by the following query? 


SELECT DISTINCT (A.CustNum) 

FROM CustInfo A, OrderInfo B 

WHERE A.OrderNum = B.OrderNum 

AND SUBSTR(TO_ CHAR (B.OrderDate), 8) = 
(SELECT SUBSTR(TO CHAR(SYSDATE), 8) 


FROM DUAL); 
(a) 1 (b) 2 (c) 3 (d) 4 


Which of the following combinations of wildcard characters has the same meaning as the 
wildcard character %? 

(a) %% b) _% (c) %_ (dq) __ 
The statement 

SELECT ‘Hi’ FROM DUAL WHERE NULL = NULL; 

outputs 

(a) Hi (b) FALSE (c) TRUE (d) nothing 
Which of the following is illegal? 

(a) SELECT SYSDATE - SYSDATE FROM DUAL ; 

(b) SELECT SYSDATE - (SYSDATE - 2) FROM DUAL ; 

(c) SELECT SYSDATE - (SYSDATE + 2) FROM DUAL ; 


(d) None of these 

When a SELECT statement displays data 

(a) dates and strings will be justified to the left by default 
(b) numbers will be justified to the right by default 

(c) dates and strings will be justified to the right by default 
(d) numbers will be justified to the left by default 

If a query involves NOT, AND, OR with no parenthesis 


(a) NOT will be evaluated first; AND will be evaluated second; OR will be evaluated 
last. 


(b) NOT will be evaluated first; OR will be evaluated second; AND will be evaluated 
last. 
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(c) AND will be evaluated first; OR will be evaluated second; NOT will be evaluated 
last. 


(d) the order of occurrence determines the order of evaluation. 
Choose the correct statements. 

(a) ORDER BY NAME ASC, displays NULLs last 

(b) ORDER BY NAME DESC, displays NULLs first 

(c) ORDER BY NAME ASC, displays NULLs first 

(d) ORDER BY NAME DESC, displays NULLs last 

The SQL statement 


SELECT LENGTH(*’) FROM DUAL ; -- V is two single quotes 
prints, 
(a) 0 (b) a garbage value (c) NULL (d) 1 


The SQL statement 

SELECT INSTR(‘abcdecfg’, ‘c’) FROM DUAL ; 

prints, 

(a) 2 (b) 3 (c) 5 (d) 6 

The SQL statement 

SELECT LPAD(‘abcd’,10,’*’) FROM DUAL ; 

prints, 

(a) abcd****** (b) RRR ERK GHC (c) KK Kab *** (d) KKK KK KK KKK 
Table EMPLOYEE has 5 rows. Consider the following sequence of SQL statements. 


SQL> CREATE TABLE myTable AS (SELECT * FROM EMPLOYEE); 
SQL> INSERT INTO myTable SELECT * FROM myTable; 

SQL> INSERT INTO myTable SELECT * FROM myTable; 

SQL> INSERT INTO myTable SELECT * FROM myTable; 

SQL> INSERT INTO myTable SELECT * FROM myTable; 

If the SQL statement 

SELECT COUNT (*) FROM myTable; 


is executed after executing all the statements listed above, what will be printed is 
(a) 80 (b) 25 (c) 20 (d) 5 

Let the statement 

SELECT column1 FROM myTable; 

return 10 rows. The statement 

SELECT ALL column1 FROM myTable; 

will return 


(a) less than 10 rows (b) more than 10 rows 
(c) exactly 10 rows (d) none of these 

The SQL statement 

SELECT (NVL (NVL (NULL, 3), 4)) FROM DUAL; 
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(a) prints 3 (b) prints 4 
(c) prints NULL (d) none of these 


Table Employee has 10 records. It has a non-NULL SALARY column which is also 
UNIQUE. The SQL statement 


SELECT COUNT (*) 
FRO EMPLOYEE 
WHERE SALARY > ALL (SELECT SALARY FROM EMPLOYEE); 
prints 


(a) 10 (b) 9 (c) 5 (d) 0 

The SELECT statement 

SELECT “HI” FROM DUAL WHERE 1 != NULL; 

outputs 

(a) Hi (b) FALSE (c) TRUE (d) nothing 
Which of the following SQL commands can be used to add data to a database table? 
(a) ADD (b) UPDATE (c) APPEND (d) INSERT 


The SQL statement 
SELECT DECODE(2, 2, DECODE(3, 3, 2)) FROM DUAL; 


(a) is illegal (b) prints garbage (c) 3 (d) 2 
*54. Which of the following joins is also called as an "inner join’? 
(a) Non-Equijoin (b) Self-Join 
(c) Equijoin (d) None of these 
The next thirteen questions (55-67) are based on the following table. 
a Consider the following table. (Table Name: train_info) a 
TrainNum From To Through! Through2 Through3 
1 Chennai New Delhi Vijayawada Jhansi Agra 
2 Vijayawada New Delhi Jhansi Agra 
3 Hyderabad Kanpur Vijayawada Jhansi 
4 Hyderabad Kanpur New Delhi Agra 
5 Vijayawada Agra Hyderabad Jhansi Kanpur 
6 Chennai Vijayawada 


55. 


*56. 


The SQL statement 
SQL> SELECT COUNT(*) FROM train_info 
WHERE Throughl LIKE ‘%ad%’ ; 
will print, 
(a) 1 (b) 2 (c) 3 (d) 4 
How many record(s) will be printed by the following SQL query? 
SQL> SELECT A.From, B.To 
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FROM train info- A, train info B 


WHERE A.To = B.From; 
(a) No record (b) 1 record 
(c) 2 records (d) None of these 


The SQL statement 


SQL> SELECT COUNT (*) 
FROM train_info A, train_info B 
WHERE A.From = B.From 
AND A.To = B.To; 
will print, 
(a) 6 (b) 7 
(c) 8 (d) none of these 
The SQL statement 
SQL> SELECT COUNT (*) 
FROM train info- A, train info B 
WHERE A.From = B.From 
AND A.To = B.To 
AND A.trainNum <> B.trainNum; 
will print, 
(a) 0 (b) 1 
(c) 2 (d) none of these 


The SQL statement 


SQL> SELECT COUNT(*) FROM train_info A, train_info B, train_ 
THEO. Cs 


will print, 
(a) 6 (b) 18 (c) 12 (d) 216 
The SQL statement 
SQL>SELECT * FROM train_info 
MINUS 
SELECT * FROM train_info WHERE MOD(trainNum,2) = 0; 
will print, 
(a) no records (b) 3 records (c) 5 records (d) 6 records 


The SQL statement 
SQL>SELECT * FROM train _info A, train info B WHERE A.trainNum <3 


UNION 
SELECT * FROM train_info A, train_info B WHERE A.trainNum >= 3; 


will print, 
(a) no records (b) 6 records (c) 12 records (d) 36 records 
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The SQL statement 
SQL> SELECT * FROM train_info A, train_info B 


WHERE A.From = ‘Chennai’ OR B.To = ‘New Delhi’ ; 
will print, 
(a) 12 records (b) 22 records 
(c) 24 records (d) none of these 


The SQL statement 

SQL> SELECT * FROM train_info A, train_info B 
WHERE A.From = ‘Chennai’ OR A.From = ‘Hyderabad’ 

MINUS 

SELECT * FROM train info A, train info B WHERE B.To = 
‘Kanpur’; F 7 


will print, 
(a) 12 records (b) 16 records (c) 18 records (d) 24 records 
The SQL statement 
SQL> SELECT * FROM train_info A, train_info B 
WHERE A.From = ‘Chennai’ and B.From = ‘Chennai’; 

will print, 
(a) no record (b) 4 records (c) 6 records (d) 12 records 
The SQL statement 
SQL>SELECT * FROM train_info WHERE MOD(trainNum, 2) = 1 

MINUS 

SELECT * FROM train info WHERE MOD(trainNum, 3) = 0; 
will print, 
(a) no record (b) 1 record (c) 2 records (d) 3 records 


The SQL statement 

SQL>SELECT A.From, B.From 

FROM train_info A, train_info B 
GROUP BY (A.From, B.From); 


will print, 
(a) 6 records (b) 8 records 
(c) 12 records (d) none of these 


The SQL statement 


SQL>SELECT A.From, B.From FROM train_info A, train_info 
B 


GROUP BY(A. From, B. From) 
HAVING A.From = ‘Vijayawada’; 
will print, 
(a) 3 records (b) 4 records (c) 5 records (d) 6 records 
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68. Choose the correct statements. 
(a) Column alias cannot be used in the ORDER BY clause 
(b) Column alias can be used in the ORDER BY clause 
(c) Column alias can be used in the WHERE clause 


(d) Column alias cannot be used in the WHERE clause 
69. The WHERE clause - WHERE city LIKE ‘%a\_ %b’ 
cannot display 
(a) ab (b) abb (c) ab (d) a_%b 
*70. Choose the correct statements. 
(a) FALSE AND NULL evaluates to FALSE 
(b) TRUE AND NULL evaluates to NULL 
(c) NOT NULL evaluates to NULL 
(d) FALSE OR NULL evaluates to NULL 
*71. Choose the correct statement that is based on a SQL query that has its ORDER BY clause 
defined as ORDER BY name, game DESC 


(a) Vijay, Golf will be listed before Anand, Chess 

(b) Anand, Chess will be listed before Vijay, Golf 

(c) Bhupathi, Tennis will be listed before Anand, Chess 

(d) Bhupathi, Tennis will be listed before Vijay, Golf 
*72. Which of the following SELECT statements print the string 56? 

(a) SELECT SUBSTR(‘*123456’, 5) FROM DUAL ; 

(b) SELECT SUBSTR(‘*123456’, -2) FROM DUAL ; 
(c) SELECT SUBSTR(‘123456’, 5, 2) FROM DUAL ; 
(d) SELECT SUBSTR(*123456’, -2, 2) FROM DUAL ; 
*73. The SQL statement 
SELECT LPAD (‘abcd’,10,’wert’ ) FROM DUAL ; 

prints, 

(a) wertweabcd (b) abcdwertwer (c) wertwertab (d) abwertwert 
*74, The SQL statement 
SELECT ROUND (45.926, -2) FROM DUAL ; 
(a) is illegal (b) prints garbage (c) prints 45.92 (d) prints 0 


75. Choose the correct statements. 
The SQL statement 
SELECT SYSDATE FROM DUAL ; 
prints, 
19-FEB-05 
(a) The SQL statement - SELECT ROUND (SYSDATE, ‘MONTH’ ) FROM 
DUAL; will print 01-MAR-05 
(b) The SQL statement - SELECT TRUNC(SYSDATE, ‘MONTH’ ) FROM 
DUAL; will print 01-FEB-05 
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DUAL; 


(c) The SQL statement - S 


will print 01-JAN-05 


DUAL; 


The SQL statement - S 


will print 01-JAN-05 
*76. The SQL statement 


SELECT 
(a) prints 3 


EI 


ECT 


EL 


ECT 


NVL (NVL (NULL, 


NVL (NULL, 


(b) prints 4 


The SQL statement 


SELECT DECODE (2, 2, 
prints, 
(a) 2 (b) 5 


D 


ECODE 


ROUND (SYSDATE 


TRUNC (SYSDATE 


~ 


~ 


3)), 4) 


‘YEAR’ ) FROM 
‘YEAR’ ) FROM 
FROM DUAL; 


(c) prints NULL 


5, 


(c) 6 


6)) 


(d) is illegal 


FROM DUAL; 


(d) 7 


Let email has the value of an email ID. Fill in the blanks in the following SQL statement 
that prints the domain name. (The domain name of myname@abcd.com is abcd.com) 


INSTR (email, 


SEL 


ECT SU 


(a) @,1)+1) 


(c) @,1)-1) 


BSTR (email, 


Consider the flowchart in Fig. 10.1. 


mod(year, 4 
? 


NO 


PRINT 
‘Not a Leap Year 


mod(year, 100) 


PRINT 
“Leap Year’ 


Fig. 10.1 


(b) ‘@’, D) 


) FROM 


(d) None of these 


mod(year, 400) 
? 


PRINT 
‘Not a Leap Year 


Which of the following code implements this flowchart? 


ECOD 


(a) D 


E (MOD (YEAR, 


ECOD 


, ONLY’) 


E (MOD (YEAR, 


100) 


COD) 


,0, DE 


, ADY) 


DUAL; 


PRINT 
“Leap Year’ 


E (MOD (YEAR, 400) 


„0, SEX 
, ONLY’) 


*80. 


81. 


82. 
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(b) DECODE (MOD (YEAR, 4), 
0, DECODE (MOD (YEAR, 100) 
,0, DECODE (MOD (YEAR, 400) 
, 0, ONLY’ 
, LY’) 


(c) DECODE (MOD (YEAR, 4), 


0, DECODE (MOD (YEAR, 100) 
,0,/DECODE(MOD(YEAR, 400) 
pO LY? 
, ‘NLY’) 


, ONLY’) 

, ONLY’) 
(d) None of these 
Table Employee has 10 records. It has a non-NULL SALARY column which is also 
UNIQUE. The SQL statement 
SELECT COUNT(SALARY) FROM EMPLOYEE WHERE SALARY NOT IN 
(NULL) ; 
prints, 
(a) 10 (b) 9 (c) 5 (d) 0 
The FROM clause - EMPLOYEE LEFT OUTER JOIN DEPARTMENT 
(a) includes all employees not assigned to any department 


(b) includes all departments having no employee 

(c) includes only those employees who are assigned a department 

(d) none of these 

Which of the following SQL commands can be used to modify existing data in a da- 
tabase table? 


(a) MODIFY (b) UPDATE (c) CHANGI 
Let the statement 

SELECT * FROM nameList; 

return 10 rows. The statement 
SELECT * FROM nameList WHERE ROWNUM > 5; 


(d) NEW 


zal 


will return 
(a) 4 rows (b) 5 rows 
(c) 6 rows (d) none of these 


The SELECT statement 
SELECT ARA FROM DUAL WHERE NULL IN (NULL); 
outputs, 
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(a) TRUE (b) FALSE (c) HP (d) nothing 
The SQL statement 

SELECT TRUNC (45.926, -2) FROM DUAL ; 

(a) is illegal (b) prints 45 (c) prints 45.92 (d) prints 0 
The SELECT statement 

SELECT HE FROM DUAL 

WHERE NULL is NULL; 

outputs, 

(a) Hi (b) FALSE (c) TRUE (d) nothing 
Consider a database table T containing two columns X and Y each of type integer. 
After the creation of the table, one record (X = 1, Y = 1) is inserted in the table. 


Let MX and MY denote the respective maximum values of X and Y among all records in 
the table at any point in time. Using MX and MY, new records are inserted in the table 128 
times with X and Y values being MX + 1, 2* MY + 1 respectively. It may be noted that 
each time after the insertion, values of MX and MY change. 


What will be the output of the following SQL query after the steps mentioned above 
are carried out? 


SELECT Y FROM T WHERE X= 7; (GATE 2011) 
(a) 127 (b) 255 (c) 129 (d) 257 
A database table named Loan Records is given below. 


Borrower | Bank_Manager | Loan_Amount 
Ramesh Sunderajan 10000.00 
Suresh Ramgopal 5000.00 
Mahesh Sunderajan 7000.00 
What is the output of the following SQL query? (GATE 2011) 
SELECT count (*) 
FROM ( 
(SELECT Borrower, Bank Manager FROM Loan Records) AS S 
NATURAL JOIN 
(SELECT Bank Manager, Loan_Amount FROM Loan Records) AS T 
3 
(a) 3 (b) 9 (c) 5 (d) 6 


Which of the following statements are TRUE about an SQL query? 


P : An SQL query can contain a HAVING clause even if it does not have a GROUP BY 
clause 


Q : An SQL query can contain a HAVING clause only if it has a GROUP BY clause 

R : All attributes used in the GROUP BY clause must appear in the SELECT clause 

S : Not all attributes used in the GROUP BY clause need to appear in the SELECT clause 
(GATE 2012) 

(a) PandR (b) P and S (c) Q and R (d) Q and S 
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Common Data for Questions 90 and 91 
Consider the following relations A, B and C. 


A B C 
Id Name | Age Id Name | Age Id | Phone | Area 
12 Arun 60 15 Shreya | 24 10 2200 02 
15 Shreya 24 25 Hari 40 99 2100 01 
99 Rohit 11 98 Rohit 20 


99 Rohit 11 


*90. How many tuples does the result of the following relational algebra expression contain? 


Assume that the schema of AUB is the same as that of A. (GATE 2012) 
(AUB) D< ata>40v cra<is © 
(a) 7 (b) 4 (c) 5 (d) 9 


*91. How many tuples does the result of the following SQL query contain? 


SELECT A.Id 


FROM A 
WHERE A.Age > ALL(SELECT B.Age 
FROM B 
WHERE B.Name = '‘'Arun') 
(a) 4 (b) 3 (c) 0 (d) 1 


b 2. b 3. d 4. a,b,c 
b 6. a 7. b,c 8. d 
b 10. b ll. d 12. c 
a 14. a 15. d 16. c 
d 18. d 19. a 20. a 
d 22. a 23. c 24. a 
c 26. c 27. b 28. c 
c 30. b 31. c 32. a 
b, c,d 34. c 35. a 36. c 
d 38. a 39. d 40. d 
.a, b 42. a 43. a, b 44. c 
b 46. b 47. a 48. c 
a 50. d 51. d 52. d 
d 54. c 55. c 56. c 
c 58. c 59. d 60. b 
d 62. d 63. b 64. b 
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66. d 67. a 68. b, d 
b 70. a,b,c,d 71. d 72. a,b,c,d 
74. d 75. a,b,c,d 76. a 
78. a 79. a 80. d 
82. b 83. d 84. d 
86. a 87. a 88. c 
90. a 91. b 


Em $$ 


2. 


10. 


11. 


12. 


15. 


INSTR(‘abcabcabc’, ‘b’) is 2. So, 


SUBSTR(‘123456789’, INSTR(‘abcabcabc’, “b’), 4) is equivalent to 
SUBSTR(‘123456789’, 2, 4) 


. NULL means unknown. 1 = NULL is essentially 1 = unknown, which need not be TRUE. 


Anything that need not be TRUE is considered FALSE. 


. This query counts the number of employees who get more than the minimum salary. 


From the 10 employees, you need to exclude all those employees who are getting the 
minimum salary. Since the SALARY column is UNIQUE, only one employee will be 
getting the minimum salary. 


. INSTR( 123321234’, ‘2’, 3, 2) refers to the third (because the third argument is 3) occur- 


rence of the substring 2 (the second argument specifies the search string), starting from 
location 2 (the fourth argument specifies from where to start the search). It evaluates to 7. 
SUBSTR(‘abcdefghij’, INSTR(‘123321234’, ‘2’, 3, 2), 2) reduces to 
SUBSTR(‘abcdefghij’, 7, 2) which is the string gh. 


. Options (b) and (c) represent strings having at least one character. 


Option (a) represents strings made up of 0 (i.e., the empty string) or more number of 
characters. 
Option (d) represents strings made up of exactly two characters. 


. ROUND(45.926,-1) rounds 1 decimal place to the left of the decimal point (left because 


of the — sign). This essentially means round to the nearest ten. So, 45 will be rounded 
to 50 

SELECT NEXT _DAY(’01-SEP-95', ‘FRIDAY’) finds the date of the first FRIDAY that 
comes after 01-SEP-95. Since it finds that to be 08-SEP-95, 01-SEP-95 has to be a 
Friday. 

NULL means unknown. 1 != NULL is essentially 1 != unknown, which may or may not 
be TRUE. Anything that may or may not be TRUE is considered FALSE. 

You can verify by having a statement like 

if (10/NULL) is NULL) then DBMS _OUTPUT.PUT_LINE(‘Hi’); 

in your PL/SQL code. 

TRUNC(45.926,-1) truncates 1 decimal place to the left of the decimal point (left 
because of the — sign). The 45 will be made 40. 
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Primary key uniquely identifies a record(row). In this table, all the columns together 
makes the primary key. 

This references OrderNum of the table CustInfo. 

CustInfo has the order header information. OrderInfo has the order detail information. 
It prints 113. This is because the customer 1009 ordered for 1 table, 1 pen, and 1 pencil. 
This query finds the sum of the extended prices which is 101x1 + 10x1 + 2x1 = 113. 


To find the highest bill we need information in the tables - OrderInfo and ItemInfo. 
To find who placed that order which has the highest bill, we need information in the 
tables — CustInfo, 


OrderInfo, and ItemInfo. 


It prints all possible x, y where x can be one of the 10 values — 2001, 2002, ..., 2010 and 
y can be one of the 10 values — 2001, 2002, ..., 2010, giving us 10 x 10 = 100 rows. 


Because CustNum 1008 ordered neither a pen nor a pencil. 

The 8 rows are 1001, 1002, 1006, 1009, 1001, 1002, 1007, 1009. 

This query lists out all CustNum who ordered pen and pencil. 

This query lists out 1003, 1004, 1005, 1008, 1009, and 1010. You might have missed 


1009 thinking the order includes pen/pencil. If you analyze the query you will find that 
1009 is included because order 2009 includes table. 


The CustNum 1009 will be displayed. 

The CustNum that are displayed are 1003 and 1005. 

Every CustNum ordered at least one of table, chair, pen or pencil. So, the first query re- 
turns all the 10 CustNum. For similar reasons, the second query also returns all the 10 
CustNum. 

If it is 20, this query counts and displays all CusNum who placed order for an item that 
is worth more than Rs.20. The possible items are table and chair. There are exactly 6 
CustNum who ordered for a table or chair. 


This query finds and displays the CustNum who placed the most recent order. 
BETWEEN includes the end values. 
SELECT SUBSTR(TO_CHAR(SYSDATE), 8) FROM DUAL, displays the string 05. 
The given query finds and displays those CustNum who placed order in the year 05. 
NULL is not equal to NULL 
Option (a) prints 0 
Option (b) prints 2 
Option (a) prints -2 
You can verify by executing the PL/SQL code 
IF LENGTH(‘’) is NULL THEN 
DBMS_OUTPUT.PUT_LINE(‘Hi’) ; 
ELSE 
DBMS_OUTPUT.PUT_LINE(‘Bye’) ; 
END IF; 
This will print Hi 
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ALL is optional. Its presence or absence doesn’t change the output. Unlike DISTINCT, 
it allows duplicates in the output. 

NVL(NULL, 3) returns 3. So, NVL(NVL(NULL, 3), 4) is equivalent to NVL(3, 4) 
This query counts the number of employees who get more than the maximum salary. 
NULL is neither equal to NULL nor not equal to NULL. 

Simple Join is another name for Equijoin. 

It prints the two records 


From To 
Chennai New Delhi 
Chennai Agra 


It will print 20 records. Trains from Chennai is 12. Trains to New Delhi is 12. But 4 
records are duplicated and hence will be counted only once. 


It will print the following 9 records. 
From To 

Chennai Chennai 
Chennai Hyderabad 
Chennai Vijayawada 
Hyderabad Chennai 
Hyderabad Hyderabad 
Hyderabad Vijayawada 
Vijayawada Chennai 
Vijayawada Hyderabad 
Vijayawada Vijayawada 
It will print the following 3 records. 
From To 
Vijayawada Chennai 
Vijayawada Hyderabad 
Vijayawada Vijayawada 


Option (a) can be verified by executing the following PL/SQL block. 


IF (FALSE AND NULL) 
THEN 


DBMS_OUTPUT.PUT_LINE(‘Hi’); 
ELSE 
DBMS_OUTPUT.PUT_LINE(‘Bye’); 
END IF; 
This will print Bye. You can verify the other options too. 
These results are logical. 
FALSE AND (something) is always FALSE irrespective of whether the ’something’ is 
TRUE, FALSE, NULL. This explains option (a). 
TRUE AND NULL is NULL because NULL is unpredictable. This explains option (b). 
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FALSE OR NULL is NULL because NULL is unpredictable. This explains option (d). 
NOT NULL is NULL because what can you say about the opposite of something that is 
unpredictable — It too is unpredictable. This explains option (c). 

This ORDER clause is equivalent to 

ORDER BY name ASCENDING, game DESCENDING 

SUBSTR(‘123456’, 5) extracts the substring starting at location 5 (the count starts from 1) 
till the end. 

SUBSTR(‘123456’, -2) extracts the substring starting at the second location from the 
last 

(because of the - sign) till the end. 

SUBSTR(‘123456’, 5, 2) extracts the substring of length 2 (the third (optional)argument 
specifies the length) starting at location 5 (the count starts from 1). 
SUBSTR(‘123456’, -2) extracts the substring of length 2 starting at the second location 
from the last (because of the - sign) 

LPAD(‘abcd’,10,’ wert’) means, in a field of length 10, pad the string ‘abcd’ on the left 
side with the string ‘wert’ 

ROUND(45.926,-2) rounds 2 decimal places to the left of the decimal point (left be- 
cause of the — sign). This essentially means round to the nearest hundred. So, 45 will 
be rounded to 0 

NVL(NVL(NULL, NVL(NULL, 3)), 4) is equivalent to NVL(NVL(NULL, 3), 4), which 
is equivalent to NVL(3, 4) 

SELECT SUBSTR(‘myname@abcd.com’, INSTR(‘myname@abcd.com’, ‘@’, 1) + 1) 


FROM DUAL; 
prints whatever that comes after the @ character which is the domain name. 


Whenever a NOT IN list includes NULL, this is what happens. 

ROWNUM is a pseudo-column that is used to label the rows of the result set. This query 
cannot return any row because if it returns a row (or more than one row) the first record 
must have a ROWNUM of greater than 5. But the first row will have the ROWNUM 1. 
NULL in (NULL) is logically equivalent to NULL = NULL 

TRUNC(45.926,-2) truncates 2 decimal places to the left of the decimal point (left 
because of the — sign). The 45 will be made 0 


IS NULL is the right way to check if something is NULL. 

X Y 

1 1 (2!-1) 

2 32%) 

3 721) 

7 127 (2-1) 

“Natural join” is Cartesian join with implicit equijoin conditions on columns with the 


same names. Here, Bank Manager is the shared column. Out of the (3 x 3 =) 9 tuples 
in the Cartesian join, the following 5 tuples will have identical values in Bank_Manager 
column (hence tagged by natural join). 
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Borrower Bank_Manager Bank_Manager Loan_Amount 
(from query 1) (from query 1) (from query 2) (from query 2) 
Ramesh Sunderajan Sunderajan 10000.00 
Ramesh Sunderajan Sunderajan 7000.00 
Mahesh Sunderajan Sunderajan 10000.00 
Mahesh Sunderajan Sunderajan 7000.00 
Suresh Ramgopal Ramgopal 5000.00 


89. HAVING clause exists only in the context of a GROUP BY clause. It filters the rows that 


were grouped by the GROUP BY clause. So, statement P is false and statement Q is 
true. 
If you have a GROUP BY clause, what can be included in the SELECT clause are 
e Zero or more of the attributes used in the GROUP BY clause 
e Any user-defined or built-in function (Example: max, min, average) that returns a 
single value for each group. 
So, statement R is false and statement S is true. 


90. AUB will be 


Id Name Age 
12 Arun 60 
15 Shreya 24 
99 Rohit 11 
25 Hari 40 
98 Rohit 11 
(AUB) œx C will be 
Id Name Age C.Id Phone Area | Will it be included in the result set? 
12 Arun 60 10 2200 02 Yes because C.Id < 15 
15 Shreya 24 10 2200 02 Yes because C.Id < 15 
99 Rohit 11 10 2200 02 Yes because C.Id < 15 
25 Hari 40 10 2200 02 Yes because C.Id < 15 
98 Rohit 11 10 2200 02 Yes because C.Id < 15 
12 Arun 60 99 2100 0l No because condition is not met 
TS Shreya 24 99 2100 01 No because condition is not met 
99 Rohit 11 99 2100 01 Yes because A.Id > 40 
25 Hari 40 99 2100 01 No because condition is not met 
98 Rohit 11 99 2100 0l Yes because A.Id > 40 
91. The query (SELECT B.Age FROM B WHERE B.Name = ‘Arun’) will return NULL 


because no row in relation B has name Arun. So all the three rows from relation A will 
be returned. 

Note: Some RDBMS implementations will not return any row because A.age > NULL 
will fail for any A.age (including NULL). 


Automata 
Theory 


Instructions 
/ A. The following abbreviations are used in this chapter. N 

FSM = Finite State Machine 
DE SM = Deterministic Finite State Machine 
NDFSM = Non-Deterministic Finite State Machine 
PDM = Push Down Machine 
DPDM = Deterministic Push Down Machine 
NDPDM = Non-Deterministic Push Down Machine 
TM = Turing Machine 
UTM = Universal Turing Machine 
CHE = Context Pree Gramme 
CE = Comcexic Eres 
CEI = Context Free Language 
CSG = Context Sensitive Grammar 

B. In Transition diagrams, states are represented by circles. 

The start state is represented by a circle pointed to by an arrow. 
A final state is represented by a circle encircled by another. 
C. Ina CFG, unless stated otherwise, grammar symbol on the left hand side of the first 
< production, is the start symbol. d 
*1. Which of the following pairs have DIFFERENT expressive power? (GATE 2011) 


(a) Deterministic Finite Automata (DFA) and Non-deterministic Finite Automata (NFA) 

(b) Deterministic push down automata (DPDA) and Non-deterministic push down au- 
tomata (NPDA) 

(c) Deterministic single-tape Turing machine and Non-deterministic single-tape Turing 
machine 

(d) Single-tape Turing machine and multi-tape Turing machine 
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The lexical analysis for a modern computer language such as Java needs the power of 

which one of the following machine models in a necessary and sufficient sense? 
(GATE 2011) 

(a) Finite state automata 

(b) Deterministic pushdown automata 

(c) Non-deterministic pushdown automata 

(d) Turing machine 

Let P be a regular language and Q be a context-free language such that Q c P. (For 

example, let P be the language represented by the regular expression p* g* and Q be 

{p" q" | ne N}). Then which of the following is ALWAYS regular? (GATE 2011) 

(a) PNQ (b) P-Q (c) 2* -P (d) 2*-Q 

Consider the languages L,, L, and L, as given below. (GATE 2011) 

L = {0° 1" | p, qE N}, 

L, = {0° 1" | p, gE N and p = q} and 

L, = {0" 1'0" |p, q, re N and p =q =r}. 

Which of the following statements is NOT TRUE? 

(a) Push Down Automata (PDA) can be used to recognize L, and L}. 

(b) L, is a regular language. 

(c) All the three languages are context free. 

(d) Turing machines can be used to recognize all the languages. 


Which of the following problems is undecidable? (GATE 2007) 
(a) Membership problem for CFGs (b) Ambiguity problem for CFGs 
(c) Finiteness problem for FSAs (d) Equivalence problem for FSAs 
The recognizing capability of NDFSM and DFSM 
(a) is different (b) sometimes different 
(c) is the same (d) none of these 
. FSM can recognize 
(a) any grammar (b) only CFG 
(c) any unambiguous grammar (d) only regular grammar 


. Pumping lemma is generally used for proving 


(a) a given grammar is regular 

(b) a given grammar is not regular 

(c) whether two given regular expressions are equivalent 
(d) none of the above 

Which of the following are not regular? 

(a) Strings of 0’s whose length is a perfect square. 

(b) Set of all palindromes made up of 0’s and I’s. 

(c) Strings of 0’s, whose length is a prime number. 

(d) Strings of odd number of zeroes. 
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Which of the following pairs of regular expressions are equivalent? 

(a) 1(01)* and (10)*1 (b) x (xx)* and (xx)*x 

(c) (ab)* and a*b* (d) x* and x*x* 

Assuming P + NP, which of the following is TRUE? (GATE 2012) 
(a) NP-complete = NP (b) NP-complete N P = Ø 

(c) NP-hard = NP (d) P = NP-complete 

Pick the correct statements. 

The logic of Pumping lemma is a good example of 

(a) the pigeon-hole principle (b) the divide and conquer technique 
(c) recursion (d) iteration 

The basic limitation of an FSM is that 


(a) it does not have the capability to remember information 

(b) it sometimes recognizes grammars that are not regular 

(c) it sometimes fails to recognize grammars that are regular 

(d) all of the above 

Palindromes can’t be recognized by any FSM because 

(a) an FSM does not have the capability to remember information 

(b) an FSM can’t deterministically fix the mid-point 

(c) even if the mid-point is known, an FSM can’t find whether the second half of the 
string matches the first half 


(d) none of the above 

An FSM can be considered a TM 

(a) of finite tape length, rewinding capability and unidirectional tape movement 

(b) of finite tape length, without rewinding capability and unidirectional tape movement 
(c) of finite tape length, without rewinding capability and bidirectional tape movement 
(d) of finite tape length, rewinding capability and bidirectional tape movement 

TM is more powerful than FSM because 

(a) the tape movement is confined to one direction 

(b) it has no finite state control 


(c) it has the capability to remember arbitrary long 
sequences of input symbols. 


(d) none of the above 

The FSM pictured in Fig. 11.1 recognizes 

(a) all strings (b) no string Fig. 11.1 
(c) €- alone (d) none of the above 

The FSM pictured in Fig. 11.2 is a 

(a) Mealy machine 

(b) Moore machine = 

(c) Kleene machine 

(d) none of the above Fig. 11.2 


1/0, 0/1 
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The machine pictured in Fig. 11.2 

(a) complements a given bit pattern (b) generates all strings of 0’s and 1’s 
(c) adds 1 to a given bit pattern (d) none of the above 

The language of all words (made up of a’s and b’s) with at least two a’s can be described 
by the in expression 

(a) (atb)*a(atb)*a(atb)* (b) (atb)*ab*a(atb)* 

(c) b*ab*a(atb)* (d) a(atb)*a(atb)* (atb)* 
Which of the following pairs of regular expression are not equivalent? 

(a) (ab)*a and a(ba)* 


(b) (atb)* and (a*+b)* 

(c) (a*+b)* and (atb)* 

(d) none of the above 

What is the complement of the language accepted by the NFA shown below? 


Assume È = {a} and € is the empty string. 
(GATE 2012) 


Fig. 11.3 


(a) © (b) {£ (c) a* (d) ta, £ 


Set of regular languages over a given alphabet 


set, is not closed under 0/0, 4/4 
(a) union (b) complementation 0/1 


(c) intersection (d) none of the above oji 
The machine pictured in Fig. 11.4. 


(a) complements a given bit pattern 1o 


(b) finds 2’s complement of a given bit pattern 1o 

(c) increments a given bit pattern by 1 Fig. 11.4 

(d) changes the sign bit 
Which of the following problems are decidable? (GATE 2012) 
1. Does a given program ever produce an output? 

2. If L is a context-free language, then, is ZŁ also context-free? 

3. If L is a regular language, then is Z also regular? 

4. If L is a recursive language, then is L also recursive? 


(a) 1,2,3,4 (b) 1,2 (c) 2,3,4 (d) 3,4 
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The FSM pictured in Fig. 11.5 recognizes 
(a) any string of odd number of a’s 


(b) any string of odd number of a’s and even 
number of b’s 


(c) any string of even number of a’s and even 
number of b’s 

(d) any string of even number of a’s and 
odd number of b’s 


Any given Transition graph has an equivalent Fig. 11.5 
(a) regular expression (b) DFSM 
(c) NDFSM (d) none of the above 
The following CFG 
S > aS | bS | a |b 
is equivalent to the regular expression 


(a) (a*+b)* (b) (atb)* 
(c) (at+b)(atb)* (d) (atb)* (a+b) 
Any string of terminals that can be generated by the following CFG 

S > XY 

X > aX | bX | a 

Y > Ya | Yb | a 
(a) has at least one b (b) should end in an ’a’ 
(c) has no consecutive a’s or b’s (d) has at least two a’s 
The following CFG 

S — aB| DA 

A > a | aS | DAA 

Bsa b | bS | aBB 


generates strings of terminals that have 

(a) equal number of a’s and b’s 

(b) odd number of a’s and odd number b’s 

(c) even number of a’s and even number of b’s 

(d) odd number a’s and even number of b’s 

Let L(G) denote the language generated by the grammar G. To prove set A = L (G), 
(a) it is enough to prove that an arbitrary member of A can be generated by grammar G 
(b) it is enough to prove that an arbitrary string generated by G, belongs to set A 

(c) both the above comments (a) and (b) are to be proved 

(d) either of the above comments (a) or (b) is to be proved 

The set {a"b" | n = 1,2,3...} can be generated by the CFG 

(a) S > ab | asb (b) S 4 aaSbb | ab 

(c) S > ab | aSb | € (d) S > aaSbb | ab | aabb 
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Choose the correct statements. 

(a) All languages can be generated by CFG. 

(b) Any regular language has an equivalent CFG. 

(c) Some non-regular languages can’t be generated by any CFG. 
(d) Some regular languages can’t be generated by any CFG. 
Which of the following CFG’s can’t be simulated by an FSM? 


(a) S > Sa | a (b) S > abX 
X > cY 
Y 7 d | ax 
(c) S > aSb| ab (d) None of the above 
CFG is not closed under 
(a) union (b) Kleene star (c) complementation (d) product 
The set A= {a"b’a" | n=1,2,3,...} is an example of a grammar that is 
(a) regular (b) context free 
(c) not context free (d) none of the above 
Let tL. = -La*bta®™. i) my ne -=r L2 SB yeh.08 3 
L2 = (a"b"a™ | m, n = 1,2,3,...} 


L3 = {abar | n = 1,2,3,...} 
Choose the correct statements. 

(a) L3 = L1 A L2 

(b) L1 and L2 are CFL but L3 is not a CFL 
(c) Ll and L2 are not CFL but L3 is a CFL 
(d) L1 is a subset of L3 

Choose the correct answers. 


L = {abra | n=1,2,3,...} 1s an example of a language that is 

(a) context free 

(b) not context free 

(c) not context free but whose complement is context free 

(d) context free but whose complement is not context free 

The intersection of a context free language and a regular language 

(a) need not be regular (b) need not be context free 

(c) is always regular (d) is always context free 

Given the language L = {ab, aa, baa}, which of the following strings are in i? 
(GATE 2012) 

. abaabaaabaa 

. aaaabaaaa 

. baaaaabaaaab 


BR WN Re 


. baaaaabaa 
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(a) 1, 2 and 3 (b) 2,3 and 4 
(c) 1, 2 and 4 (d) 1,3 and 4 
41. A PDM behaves like a TM when the number of auxiliary memory it has is 
(a) 0 (b) 1 or more 
(c) 2 or more (d) none of the above 


*42. Consider the set of strings on {0, 1} in which, every substring of 3 symbols has at most 
two zeros. For example, 001110 and 011001 are in the language, but 100010 is not. 
All strings of length less than 3 are also in the language. A partially completed DFA 
that accepts this language is shown below. (GATE 2012) 


The missing arcs in the DFA are 


(a) (b) 
00 |01 |10 |1 lq 00 |01 |10 |1 |q 
00 |1 Jo 00 0 1 
01 1 01 
10 |0 10 0 
11 0 11 0 
(c) (d) 
00 |01 |10 |11 lq 00 [01 |10 |11 |q 
00 |1 J1 0 00 1 0 
01 1 01 1 
10 0 10 |0 
11 0 11 0 
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. Which of the following is accepted by an NDPDM, but not by a DPDM? 

(a) All strings in which a given symbol is present at least twice. 

(b) Even palindromes (i.e., palindromes made up of even number of terminals). 

(c) Strings ending with a particular terminal. 

(d) None of the above 

CSG can be recognized by a 

(a) FSM (b) DPDM 

(c) NDPDM (d) linearly bounded memory machine 
Choose the correct statements. 

(a) An FSM with 1 stack is more powerful than an FSM with no stack. 

(b) An FSM with 2 stacks is more powerful than a FSM with 1 stack. 

(c) An FSM with 3 stacks is more powerful than an FSM with 2 stacks. 

(d) All of these. 

Choose the correct statements. 

(a) An FSM with 2 stacks is as powerful as a TM. 

(b) DFSM and NDFSM have the same power. 

(c) A DFSM with 1 stack and an NDFSM with 1 stack have the same power. 

(d) A DFSM with 2 stacks and an NDFSM with 2 stacks have the same power. 
Bounded minimalization is a technique for 

(a) proving whether a primitive recursive function is Turing computable 

(b) proving whether a primitive recursive function is a total function 

(c) generating primitive recursive functions 

(d) generating partial recursive functions 

Consider the languages L; = ® and L, = {a}. Which one of the following represents 
L,L, UL, ? (GATE 2013) 
(a) {8 (b) ® (c) a* (d) {é a} 
Which of the following statements is/are FALSE? (GATE 2013) 


1. For every non-deterministic Turning machine, there exists an equivalent deterministic 
Turing machine. 


2. Turing recognizable languages are closed under union and complementation. 

3. Turing decidable languages are closed under intersection and complementation. 
4. Turing recognizable languages are closed under union and intersection. 

(a) 1 and 4 only (b) 1 and 3 only (c) 2 only (d) 3 only 
Choose the correct statements. 

(a) A total recursive function is also a partial recursive function. 

(b) A partial recursive function is also a total recursive function. 

(c) A partial recursive function is also a primitive recursive function. 

(d) A primitive recursive function is also a partial recursive function. 
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. A language L for which there exists a TM, T, that accepts every word in L and either 
rejects or loops for every word that is not in L, is said to be 


(a) recursive (b) recursively enumerable 
(c) NP-HARD (d) none of the above 
. Choose the correct statements. 
(a) L = {atbta" | n=1,2,3,...} is recursively enumerable. 
(b) Recursive languages are closed under union. 
(c) Every recursive language is recursively enumerable. 
(d) Recursive languages are closed under intersection. 


. Which of the following statements are TRUE? (GATE 2013) 
1. The problem of determining wether there exists a cycle in an undirected graph is 
in P. 
2. The problem of determining whether there exists a cycle in an undirected graph is 
in NP. 
3. Ifa problem A is NP-Complete, there exists a non-deterministic polynomial time 
algorithm to solve A. 
(a) 1,2 and 3 (b) 1 and 2 only (c) 2 and 3 only (d) 1 and3 only 
. Consider the following languages. (GATE 2013) 


L,= {o 11 0"| p, qır = 0} 

L,= {o 110|p,q,r>0,p#r} 
Which one of the following statements is FALSE? 
(a) L, is context-free. 
(b) L, N L, is context free. 
(c) Complement of L, is recursive. 
(d) Complement of L, is context-free but mot regular. 
Which of the following is TRUE? (GATE 2007) 
(a) Every subset of a regular set is regular. 
(b) Every finite subset of a non-regular set is regular. 
(c) The union of two non-regular sets is not regular. 
(d) Infinite union of finite sets is regular. 
The language L = {0'21'| i > 0} over the alphabet {0, 1, 2} is (GATE 2007) 
(a) not recursive (b) isrecursive andis a deterministic CFL 
(c) is a regular language (d) is not a deterministic CFL but a CFL 
Which of the following is true for the language {a” | p is a prime}? (GATE 2008) 
(a) It is not accepted by a Turing machine. 
(b) It is regular but not context-free. 
(c) It is context-free but not regular. 
(d) It is neither regular nor context-free, but accepted by a Turing machine. 
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Consider the DFA 4 given below. 


Fig. 11.7 


Which of the following are FALSE? 

1. Complement of L(A) is context-free. 

2. L(A) = L((11*0 + 0)(0 + 1)*0*1*) 

3. For the language accepted by A, A is the minimal DFA. 

4. A accepts all strings over {0, 1} of length at least 2. 
(a) 1 and 3 only (b) 2 and 4 only 
(c) 2 and 3 only (d) 3 and 4 only 


If there exists a TM which when applied to any problem in the class, terminates if the 
correct answer is yes, and, may or may not terminate otherwise is said to be 

(a) stable (b) unsolvable (c) partially solvable (d) unstable 

If L and L are recursively enumerable then L is (GATE 2008) 
(a) regular (b) context-free 

(c) context-sensitive (d) recursive 


Let w be any string of length n in {0, 1}*. Let L be the set of all substrings of w. What is 
the minimum number of states in a non-deterministic finite automaton that accepts L? 
(GATE 2010) 


(a) n-1 (b) n (c) n+] (da) 277! 
Let P, Q, and R be three languages. If P and R are regular and if PO = R, then 
(a) Q has to be regular (b) Q cannot be regular 

(c) Q need not be regular (d) Q has to be a CFL 


Consider the grammar 
S > PQ | SQ | PS 
P > x 
O y 
To get a string of n terminals, the number of productions to be used is 
(a) n (b) n+1 (c) 2n (d) 2n- 1 
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Choose the correct statements. 

A class of languages that is closed under 

(a) union and complementation has to be closed under intersection 
(b) intersection and complementation has to be closed under union 
(c) union and intersection has to be closed under complementation 


(d) all of the above 


The following grammar is 
S > adb | bac 
S> aS | b 
S — abb | ab 
ba bdb | b 


(a) context free 
(c) context sensitive 


(b) regular 
(d) LR (k) 


Which of the following definitions generates the same language as L, where 
L = {x"y", n 2 1} ? 
LE > xEy | xy 
II. xy | x*xyy’ 
HI. x*y* 
I only (b) I and II (c) II and I (d) II only 
A finite state machine with the following state table has a single input x and a single 
outputz. 
Present state Next state, z 
x= x=0 

A D, 0 B, 0 

B B, 1 C, 1 

c B, 0 D, 1 

D B, 1 C, 0 
If the initial state is unknown, then the shortest input sequence to reach the final state 
C is 
(a) 01 (b) 10 (c) 101 (d) 110 
Leta = {0,1} andL = A*.LetR = {0°1", n>0}. The languages L UR 


and R are respectively 
(a) regular, regular 
(c) regular, not regular 


(b) not regular, regular 
(c) not regular, not regular 


Consider the languages L1 = {0'l/ | i#/}, L2 = {0' | i=j}, L3 = {0° | i= 2j+1}, 


L4 = for | 1# 2j}. Which one of the following statements is true? 


(a) Only L2 is context free. 


(c) Only L1 and L2 are context free. 


(GATE 2010) 
(b) Only L2 and L3 are context free. 
(d) All are context free. 
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Let L = {we (0+ 1)* | w has even number of Is}, i.e. L is the set of all bit strings with 

even number of Is. Which one of the regular expressions below represents L? 
(GATE 2010) 

(a) (0*10*1)* (b) 0*(10*10*)* (c) 0*(10*1)*0* (d) O*1(O*1)*10* 

A CFG is said to be in Chomsky Normal Form (CNF), if all the productions are of the form 

A — BC or A > a.kLet G bea CFG in CNF. To derive a string of terminals of 

length x, the number of productions to be used is 

(a) 2x-1 (b) 2x (c) 2x +1 (d) 2* 

S — aSa | bSb|a|b 

The language generated by the above grammar over the alphabet {a,b} is the set of 
(GATE 2009) 


(a) all palindromes 

(b) all odd-length palindromes 

(c) strings that begin and end with the same symbol 

(d) all even-length palindromes 

Let m, be a problem that belongs to the class NP. Then which one of the following is 
TRUE? (GATE 2009) 
(a) There is no polynomial time algorithm for 7, 

(b) If 2, can be solved deterministically in polynomial time, then P = NP. 

(c) If mz, is NP-hard, then it is NP-complete. 

(d) m, may be undecidable. 

Which one of the following languages over the alphabet {0,1} is described by the regular 
expression: (GATE 2009) 
(0 + 1)*0(0 + 1)*0(0 + 1)*? 

(a) The set of all strings containing the substring 00. 

(b) The set of all strings containing at most two 0’s. 

(c) The set of all strings containing at least two 0’s. 

(d) The set of all strings that begin and end with either 0 or 1. 

Let L = L, A L, where L, and L, are languages as defined below: 

L, = {a"b"ca"b" | m, n = 0} 

Ly = {abé | i,j, k 2 0} 

Then Z is (GATE 2009) 
(a) not recursive 

(b) regular 

(c) context-free but not regular 

(d) recursively enumerable but not context-free. 
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The above DFA accepts the set of all strings over {0,1} that 
(a) begin either with 0 or 1 (b) end with 0 
(c) end with 00 (d) contain the substring 00 


Let L1 be a recursive language. Let L2 and L3 be languages that are recursively enu- 
merable but not recursive. Which of the following statements is not necessarily true? 
(GATE 2010) 


(a) L2 — L1 is recursively enumerable 
(b) L1 — L3 is recursively enumerable 
(c) L2 A L3 is recursively enumerable 
(d) L2 U L3 is recursively enumerable 


O 
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2. a 3. c 4. c 
6. c 7. d 8. b 
b, c 10. a, b, d 11. b 12. a 
14. a, b, c 15. b 16. c 
18. a 19. a 20. a,b,c 
22. b 23. d 24. c 
26. c 27. a,b,c 28. c,d 
30. a 31. c 32. a, d 
c 34. c 35. c 36. č 
b 38. b,c 39. c,d 40. c 
42. d 43. b 44. d 
b 46. a,b, d 47. c 48. c 
50. a, d 51. b 52. a,b,c,d 
54. d 55. b 56. b 
58. d 59. c 60. d 
62. c 63. d 64. a,b 
66. a 67. b 68. c 
70. b 7l. a 72. b 
74. c 75. ¢ 76. c 
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DFA and NFA have the same power. NPDA is more powerful than DPDA. 

The primary function of a lexical analyzer is to tokenize the incoming stream of char- 
acters. In modern languages, an identifier has to be declared before use, and keywords 
are reserved. These constraints facilitate the use of finite state automata to implement 
lexical analysis. 


. Regular languages are closed under complementation. &* is the universal set. &* — P 


represents the complement of P. 


. L, is regular. Any regular language is also context free (and hence recognizable by a 


PDA). 

L, can be generated by the CFG, 

S — 0S1 | 01 

So, L, is context free (and hence recognizable by PDA). 

Is L; context free? 

If it is context free, there will be a PDA that accepts all strings of the form 0”1’0” (and 
accepts only strings of this form). However to recognize such strings, an automaton 
needs two stacks. Since a PDA has only one stack, there cannot exist a PDA. Hence 
L, is not context free. Pumping lemma can also be used to show that L, is not context 
free. 


. Some of the other famous undecidable problems from automata theory are the following: 


e Determining if two given CFG’s generate the same set of strings 

e For two given CFG’s, determining if the set of strings generated by one is a subset of 
the set of strings generated by the other 

e For two given CFG’s, determining if the set of strings generated by them are disjoint 


. DFSM is a special case of NDFSM. Corresponding to any given NDFSM, one can 


construct an equivalent DFSM. A DFSM can be called an NDFSM. So they are equally 
powerful. 


. Strings of odd number of zeroes can be generated by the regular expression (00 )*0. 


Pumping lemma can be used to prove the non-regularity of the other options. 

Two regular expressions R1 and R2 are equivalent if any string that can be generated 
by R1 can be generated by R2 and vice-versa. In option (c), (ab)* will generate abab, 
which is not of the form a*b* (because a’s and b’s should come together). All other 
options are correct (check it out!). 

Is P= NP is still an open question. However, if the assumption is that P + NP, then NP- 
complete and P should be disjoint. This is because if they are not disjoint, they will 
have at least one in common. This means there is at least one NP-complete problem 
solvable in polynomial time. This contradicts our assumption that P + NP because one 
NP-complete problem can reduced (transformed) to another. 

Pigeon-hole principle is that if ‘n’ balls are to be put in ‘m’ boxes, then at least one box 
will have more than one ball if n>m. Though this is obvious, it is a useful technique. 
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That’s why it can’t recognize strings of equal number of a’s and b’s, well-formedness 

of nested parenthesis etc. 

Here the final state and the start state are one and the same. No transition is there. 

But by definition, there is an (implicit) €-transition from any state to itself. So, the only 

string that could be accepted is €. 

Write out some of the strings accepted by this automaton. You can see that what is 

accepted is any string of a’s. Since È = {a}, the only string that is not accepted is €. 

The complement of a language accepts what is not accepted by the language and rejects 

what is accepted by the language. 

Let 011011 be the input to the FSM and let it be fed from the right (i.e., least significant 

digit first). If we add 1 to 011011 we should get 011100. But how did we obtain 

it? Whenever we add 1 to an 1, we make it 0 and carry 1 to the next stage (state) and 

repeat the process. If we add 1 to a 0, then first make it 1 and all the more significant 

digits will remain the same, i.e., a 0 will be O and an 1 will be 1. That’s what the 

given machine does. Hence the answer is (c). 

1. This statement is essentially a version of the halting problem which is undecidable. 

2. Context-free languages are closed under union, concatenation, and Kleene star. They 
are not closed under intersection, difference, and complement. 

3. If L is a regular language, so is its complement language. An FSM accepting this 
complement language can be constructed by flipping the start and end states. 

4. Recursive languages are closed under union, concatenation, Kleene star, intersection, 
difference, and complement. 

Here the initial and the final states are one and the same. If you carefully examine the 

transition diagram, to move right you have to consume a ‘b’, to move left a ‘b’, to go 

up an ‘a’ and to go down an ‘a’. Whenever we move right, we have to move left at 

some stage to get back to the final state. This implies, a ‘b’ essentially has an associ- 

ated another ‘b’. Same is the case with ‘a’ (since any up (down) has a corresponding 

down (up)). So, even number of a’s and b’s have to be present. 

S is the start state. Xa, Y—a are the only productions that could terminate a string 

derivable from X and Y respectively. So at least two a’s have to come anyway. Hence 

the answer is (d). 

We have S > aB — aaBB > aabB > aabb. 


So (b) is wrong. We have 

S 4 aB > ab 
So (c) is wrong. 
A careful observation of the productions will reveal a similarity. Change A to B, B to 
A, a to b and b to a. The new set of productions will be the same as the original set. 
So (d) is false and (a) is the correct answer. 
Option (b) is wrong because it can’t generate aabb (in fact any even power). Option 
(c) is wrong since it generates € also. Options (a) and (d) are both correct. 
Option (c) generates the set {a"b", n=1,2,3,...} whichis not regular. Options (a) 
and (b) being left linear and right linear respectively, should have equivalent regular 
expressions. 
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Manually parse the string from the left. If you see the prefix ab or aa or baa, delete it 
and reparse the remaining string. If the parsing eventually leaves you with an empty 
string, then given string is in L*. 

String 1) is ab + aa + baa + ab + aa — parsing eventually leaves you with an empty 
string so abaabaaabaa is in L*. 

String 2) is aa + aa + baa + aa — parsing eventually leaves you with an empty string so 
aaaabaaaa is in L*. 

String 3) is baa + aa + ab + aa + aa + b — the last b cannot be consumed, so 
baaaaabaaaab is not in L*. 

String 4) is baa + aa + ab + aa — parsing eventually leaves you with an empty string so 
baaaaabaa is in L*. 

Option (a) is not correct because, transition on input 1 from state 00 should lead to state 01. 
Option (b) is not correct because, transition on input 0 from state 00 should lead to state 
q, else, 000 will be accepted. 

Option (c) is not correct because, transition on input | from state 01 should lead to state 11. 
Option (d) has all the missing transitions. 


* 


L, =a* 
ile = q* 
L, =® 


So, LL, Ua Sa" 
Turing-recognizable languages are also known as recursively enumerable languages. 
They are closed under union and intersection but not complementation. Turing-decidable 
languages are also known as recursive languages. They are closed under union, inter- 
section and complementation. 
Statement | is correct because there exists polynomial time algorithm to determine the 
presence of a cycle in an undirected graph. Statement 2 is correct because, by defini- 
tion, P c NP. Regarding statement 3, the NP stands for Non-deterministic Polynomial. 
L, is regular because it can be represented by the regular expression 0*1*0* 
Complement of a regular language is regular. A language that is regular is also context- 
free. 
Any finite set has to be regular because you can construct a regular expression that is a 
union of all the words in the set. 
Note that 0, 1, and 2 are alphabets. Let us assume 0° indicates the absence of 0. This 
means, when i = 0, 0'21’ indicates the string 2. 
Here is the CFG that generates this language. 

S— 0S1 > 2 
This language can be recognized by a deterministic push-down automaton because a 
deterministic push-down automaton can use the presence of alphabet 2 to delimit the 
run of 0’s. 
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We can use the pumping lemma to show that this language is neither regular nor con- 
text-free. We can show that this language is context-sensitive by constructing a linear 
bounded automaton. So there exists a Turing machine that accepts this language. 


Consider statement 1. By changing the two non-final states to final states, and changing 
the final state to a non-final state, we end up with an FSA that accepts the complement 
language. Any language acceptable by an FSA is context-free. Consider statement 2. 
There are two routes to reach the final state from the start state — by 11*0 or 0. That 
is, (11*0 + 0). Once you reach the final state, you can consume any string of 0’s and 
1’s without leaving the final state. So, L(A) = (11*0 + 0)(0 + 1)*. Appending 0*1*, 
though redundant, doesn’t change this language. Statement 3 is false because there is 
no need for a 3-state FSA to accept this language. The following 2-state FSA is good 


enough. 
1 0,1 


Fig. 11.9 
Statement 4 is false because strings made up of only 1’s are not accepted. 
If Z is recursively enumerable then its complement is recursively enumerable if and only 
if Z is recursive. 
Let us consider, as an example, the string 00101 of length 5. What does the following 
non-deterministic finite state automaton accept? 


O 0 =O) 1 >+(O 0 >(O 1 =O) 


Fig. 11.10 
This accepts substrings of 00101 that start with the first O (that is, 0, 00, 001, 0010, 
00101). 
How to modify this non-deterministic finite state automaton so that it accepts (in addi- 
tion to what is currently accepted) substrings starting with the second 0 as well? By 
introducing one more transition (edge). 
Sı S, S5 


S S, 
6)—_°_-©_1—_-+-©—_*_-+-© 1—-© 


Fig. 11.11 


Proceeding this way, the final non-deterministic finite state automaton that accepts all 
substrings of 00101 (and only those) is, 


0 1 


Fig. 11.12 
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The number of states is 6. That is 1 more than the string length. If the string length is 
n, the number of states will be n + 1. 


For example, P = a*; Q = a'b’b*; R = PQ = a*b* 

The first two options can be proved to be correct using De Morgan’s laws. Option (c) can 
be disproved by the following counter-example. Let the universal set U be {a, b, c, d,}. Let 
A= {{a}, {d}, {a, d}, {b, d}, {a, b, d}, {}}. Ais closed under union and intersection 
but is not closed under complementation. For example complement of {a, d} is {b, c}, 
which is not a member of A. 

II generates strings like xx yyy, which are not supposed to be. 

III generates strings like x yy, which are not supposed to be. 

I can be verified to generate all the strings in L and only those. 

Draw the transition diagram and verify that the string 10 from A, leads to C. 

Lis the set of all possible strings made up of 0’s and I’s (including the null string). So, 
LUR is L, which can be generated by the regular expression (at+b)*, and hence a 
regular language. R is not a regular expression. This can be proved by using Pumping 
Lemma or simply by the fact that finite state automata, that recognizes regular expres- 
sions, has no memory to record the number of 0’s or |’s it has scanned. Without this 
information 0"1" cannot be recognized. 

Verify by writing CFG for these languages. 

Or, verify by constructing push-down automata that can accept these languages. 
Note: 


The CFG for language L2 is: S — OS1 | e. Since L2 is CF, the following facts can be 
used to show the existence of CFG for L1. 


e Any string belonging to L1 is a string belonging to L2 that is either prefixed with the 
regular expression 0° or suffixed with the regular expression 1” 

e Any regular grammar is a CFG 

e CFG is closed under concatenation 
Similarly, the existence of a CFG for L4 can be established because the language, 
{0'l | í= 2j} is CF (it is generated by the CFG: S — 00S] | 8). 
Similarly, the existence of a CFG for L3 can be established because the language, 
{0Y | í= 27} is CF. 
Note that Z includes the NULL string, and strings made up of only Os. 
Also note that a regular expression R, can represent L, if and only if 

e R generates all bit strings with even number of 1s AND 

e R does not generate any bit string that does not have even number of 1s. 


Option (a) is wrong because it doesn’t generate strings made up of only Os (that is 0 
number of Is). 


Option (c) is wrong because though any string generated it has even number of 1s, not 
all strings with an even number of 1s (example, 11011) can be generated by it. 


Option (d) is wrong because it doesn’t generate strings like 0. 
This can be proved using induction. 
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Option (d) is wrong because this grammar generates the palindrome aba which is not 
an even length palindrome. 

Option (a) is wrong because this grammar doesn’t generate palindromes like abba. 
Option (c) is wrong. Though the strings generated by this grammar start and end with 
the same symbol, this grammar doesn’t generate all strings that start and end with the 
same symbol. 

P is the set of all problems that can be solved in polynomial time by a deterministic 
Turing machine. 

NP is the set of all problems that can be solved in polynomial time by a non-deterministic 
Turing machine. 

Since a non-deterministic Turing machine is powerful than a deterministic Turing ma- 
chine, P is a subset of NP. Whether P = NP is still a open question but if one NP-class 
problem can be solved in polynomial time by a deterministic Turing machine then any 
NP-class problem can be solved so. 

Option (a) is wrong because it generates strings like 010. 

Option (b) is wrong because it generates strings like 000. 

Option (d) is wrong because it generates strings like 001. 

The strings common to both the languages will be of the form a‘b’c, where t > 0. Since 
finite state automata cannot count and match the number of a’s and b’s, this cannot be 
regular. It can be generated by the following CFG. 

S — UV 

U => aUb |€ 

Voc 

Option (a) is wrong because it doesn’t accept all strings that begin with a 0 or 1 (for 
example, 111 is not accepted) 

Option (b) is wrong because it doesn’t accept all strings that end with a 0 (for example, 
10 is not accepted). 

Option (d) is wrong because it doesn’t accept all strings that contain the substring 00 
(for example, 1001 is not accepted). 

A recursive language is also recursively enumerable. So, L1 is recursively enumerable. 
Recursively enumerable languages are closed under intersection and union. So, L2 A L3 is 
recursively enumerable, and L2 U L3 is recursively enumerable. 

Recursive languages are closed under complementation. So L1’ is recursive, and so also is 
recursively enumerable. 

L2 — LI is same as L2 A^ LI’. Since L2 and L1’ are both recursively enumerable, and 
recursively enumerable languages are closed under intersection, L2 © L1’ is recursively 
enumerable. 

The complement of a recursively enumerable language need not be recursively enumer- 
able. 

L1 — L3 is same as L1 A L3’. L3’ need not be recursively enumerable. So, L1 7 L3’ is 
not necessarily recursively enumerable. 


*3. 


. Ifthe postfix equivalent of the statement 


if c then x else y is cxy#, then the pos 
(a) has no syntactically valid prefix equivalent 


(b) is equivalent to, if a then m+n then if 


(c) is equivalent to, if a then if m+n the 


(d) is equivalent to, if a then m-n else ii 


. A recursive function f, is defined as follows: 


f(n) = 2, if n = 0 


=m, if n = 1 


If the value of f (4) is 88 then the value of m is 
(a) -1 (b) 0 (c) 2 


n 


2 x £(n-l) + 4 x £(n-2), 


m-n else a-b 


m-n then a-b 


m+n then a-b 


if n >= 2 


(d) 1 


To o 
Y p o 


tfix form amn+mn-ab-#ba-# 


Consider the program given below, in a block-structured pseudo-language with lexical 
(GATE 2012) 


scoping and nesting of procedures permitted. 
Program main; 
Var 
Procedure Al; 
Var 
Call 42; 
End Al 
Procedure A2; 


Var 

Procedure A21; 
Var 
Call Al; 
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End A2l 
Call A21; 
End A2 
Call Al; 
End main. 
Consider the calling chain: Main — Al > A2 > A21 > Al 
The correct set of activation records along with their access links is given by 


Main Main 
Al A1 
A2 A2 
(a) ———— (b) 
A21 A21 
— A — A 
FRAME ACCESS FRAME ACCESS 
POINTER LINKS POINTER LINKS 
Main 
Main 
FRAME et 
(©) poInTER ————— (d) 
A2 
A21 > 
ACCESS FRAME ACCESS 
LINKS POINTER LINKS 
4. Use of recursion 
(a) enhances logical clarity (b) makes debugging easier 
(c) reduces execution time (d) reduces code size 


*5,. A program has 100 instructions and another program (for the same problem) has 200 
instructions. Which of the following comment logically follows? 
(a) The execution time of the second program is more than that of the first. 
(b) The execution time of the second program is same as that of the first. 
(c) Compilation time of the second program, is more than that of the first. 


(d) None of the above. 
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6. Consider the following pseudo-Pascal function. 


function fibo(n : integer) : integer; 
begin 
if(n = 0) then fibo := 0 
else if (n = 1) then fibo := 1 
else fibo := fibo(n-1) + fibo(n-2) 
end 
If fibo (5) is the function call, fibo (1) will be used 
(a) 3 times (b) 4 times (c) 5 times (d) 6 times 


*7, An ordinary calculator treats all operators 
(a) to be of equal precedence and associating to the right 
(b) to be of equal precedence and associating to the left 
(c) to be of unequal precedence and associating to the left 
(d) in the usual mathematical sense 
8. In which of the following parameter passing mechanisms, does the actual argument have 
to be a variable? 
(a) Pass by value (b) Pass by result 
(c) Pass by value-result (d) Pass by reference 
*9, The principle that a function can always be replaced by its value (irrespective of the 
context) without changing the meaning is called 
(a) referential transparency (b) orthogonality 
(c) context-free (d) unbinding 
10. The following pseudo-Pascal procedure 
procedure palin; 
var c:char; 
begin 
read(c); 
if NOT eoln then palin; 
write(c); 
end 
can be used to 
(a) check if a given string is a palindrome or not 
(b) explain the concept of recursion 
(c) reverse a given string 
(d) delete a given line of text 
*11. Ina certain language, the expression 5-3+2x4+1, evaluates to 0. Which of the follow- 
ing conclusions about the precedence and associativity of the operators +, -, * are 
correct? 
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(a) + has precedence over — and — has precedence over * 

(b) All these have equal precedence and associate to the right 

(c) All these have equal precedence and associate to the left 

(d) + and — have equal precedence, which is over * and, all associate to the left 
12. The output of the following pseudo-Pascal program is 


var a : integer; 
procedure p; 
begin 
a := 2; write(a) 
end 
begin 
a := 1; p; write(a) 
end 
(a) 2, 1 (b) 1, 2 (c) 2, 2 (d) 1, 1 
13. Which of the following comparisons between static and dynamic type checking is 
incorrect? 


(a) Dynamic type checking slows down execution. 

(b) Dynamic type checking offers more flexibility to the programmers. 

(c) Dynamic type checking is more reliable. 

(d) Unlike static type checking, dynamic type checking is done during compilation. 
14. The period of time between an allocation and its subsequent disposal is called 

(a) scope (b) (dynamic) binding 


(c) lifetime (d) longevity 
15. Consider the following pseudo-Pascal program. 


procedure A; 


x,y : integer; 

procedure B; 
XA 3 real; 
statement 1 

end B; 

procedure C; 
i : integer; 
statement 2 

end C; 

end A; 


The variables accessible in statement 1 and statement 2 are 
(a) x ofA; x, y of B; z in statement 1 and x of B; y, i in statement 2 
(b) x of B; y,z in statement 1 and x of B; i, z in statement 2 


(c) x of B; z, y in statement 1 and x ofA; i and y in statement 2 
(d) none of the above 
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Consider the following sequence of statements. 


Statement 1: A := B+C 
Statement 2: D := A+C 
Statement 3: E := A+B 
Statement 4: G := D-E 
Statement 5: H := EtA 
Statement 6: I := H+G 
Which of the statements can be executed in parallel? 
(a) 2 and 4 (b) 4 and 5 (c) 5 and 6 (d) 4,5 and 6 


If instructions are executed in parallel, whenever the required operands are available, 
then the execution time of the previous problem is logically same as that of sequentially 
executing 


(a) 3 statements (b) 2 statements (c) 4 statements (d) 5 statements 
Consider the following variant record declaration in pseudo-Pascal. 
type abc = record 
x : integer; 
case y : integer of 
Tog (m : integer, n : real); 
2: 2 (e, f : integer); 
end 


Suppose a program uses an array of `P’ such records. Integer needs 2 bytes of storage 
and real r bytes. If the array occupies 480 bytes, the value of P will be 


(a) 80 (b) 50 (c) 25 (d) 60 
A recursive function f (x), is defined as follows: 

if (x>100) 

return (x-10) 

else return(f(f(x+11))) 
For which of the following values of x, f(x) = 91? 
(a) 100 (b) 91 (c) 1 (d) 101 
In a hypothetical language, all operators have equal precedence and associate to the left. 
In this language, the expression 5 x 3 - 2 - 1 x 2 evaluates to 
(a) 15 (b) 11 (c) 8 (d) 20 
You are asked to use a computer to solve a problem given to you. How fast the com- 


puter solves your problem, depends on the 

(a) algorithm used (b) language used for implementation 
(c) programmer (d) computer 

Which of the following is a dangling reference? 

(a) Accessing a storage that is already disposed at the request of the user 

(b) Accessing a storage that is already disposed at the request of the processor 
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(c) Accessing a variable that is declared but not initialized 
(d) None of the above 
Heap allocation is required for languages that 
(a) support recursion 
(b) support dynamic data structures 
(c) use dynamic scope rules 
(d) none of these 
Binding (of an identifier to a value) can occur while 
(a) writing a program (b) compiling a program 
(c) invoking a sub-program (d) executing a program 
Consider the following program fragment. 
procedure exchange(A: integer, B: integer) 


temp : integer; 
begin 

temp := A; A := B; B := temp; 
end; 
begin 

M := 2; X[M] := 4; 

exchange (M, X[M]); write(M, x[2]); 
end 


If the parameters are passed by value, the output will be 


(a) unpredictable (b) 2, 4 (c) 4, 2 (d) 2, 2 
4, 2 will be the output of the previous question if the parameters are passed by 
(a) reference (b) name 
(c) value (d) none of these 
If the parameters are passed by name, the output will be 
(a) 2, 2 (b) 4, 4 (c) 2, 4 (d) 4, 2 
Choose the correct remarks that are based on the following pseudo-Pascal function. 
function doit(x, y : integer) : integer; 
begin 
if(x = 0) then doit := y 
else if (y = 0) then doit := x 
else doit := doit(x-l, y-1) 
end 


(a) It loops infinitely for some x, y. 

(b) It doesn’t work if x and y are both 0. 

(c) It finds the greater of the two given non-negative integers. 

(d) It finds the positive difference of two given non-negative integers. 


Which of the following can be correctly identified to be Pascal tokens without look- 
ahead scanning? 


(a) : (b) := (c) end (d) < 
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*30. Consider the following pseudo-Pascal program. Assume that (* starts a comment and 
*) ends a comment. 


procedure doit(A, B, C) : integer; 
begin 

B := B-2; C := A+C(*; write(C) *) 
end; 
var A, B : integer; 
begin 

A := 10; B := 20; doit(A, A, A); write(A) 

end 


If this program prints 16, then A, B, C should have been declared as 
(a) all variable parameters (b) only A and B are variable parameters 


(c) only A and C are variable parameters (d) only B and C are variable parameters 
*31. Ifthe comment is removed in the previous question, it will print 18,8, if the parameter 
declaration is 


(a) only A and B are variable parameters (b) only B and C are variable parameters 
(c) only A and C are variable parameters (d) all variable parameters 
*32. Choose the most appropriate answer. 


The vernacular language English can’t be used as a computer programming language 
because 


(a) it includes symbols that are not present in the keyboard 
(b) it doesn’t have a well-defined syntax 
(c) it is ambiguous 
(d) computers do not understand English 

33. The target of an assignment statement should be 
(a) 1-value (b) either 1-value or r-value 
(c) r-value (d) none of the above 

34. Which of the following problems are iterative, rather than recursive in nature? 
(a) Simplex method for solving a linear programming problem 
(b) Newton—Raphson method for finding the roots of an equation 
(c) 8-Queen’s problem 
(d) Depth first traversal of a given tree 

*35. The output of the following Pascal program is 
program x; 


var char, real : integer; 

false : boolean; 

begin 
char := 1; real := char; false := (char = real); 
if(false = true) then writeln(‘Don’t Worry’) 


else writeln(‘Be Happy’) 
end 


36. 
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(a) a compilation error message (b) Don’t Worry 
(c) arun time error message (d) Be Happy 
Mr. Genius developed a language called Great, with the following instructions. 
clr x = <sets x to 0 
inc x - increments x by 1 
dec x decrements x by 1 
inv x - if x is non-zero, x will be set to 0. 


if x is zero, x will be set to 1. 
The only control feature available is: 

while x not 0 

do 
statement list 
end 


The following seven questions are based on this new language. 
Assume variables take the value 0 or any positive integer. 

This language is as powerful as 
(a) COBOL (b) LISP (c) C (d) C++ 
One of the four instructions is not needed. That is 
(a) clr x (b) inc x (c) dec x (d) inv x 
The program 

Cale Cap: Clie” By 

while (A not 0) 

do 


inc C; dec A; 
end; 
while(C not 0) 
do 
inc A; inc B; dec C; 

end 
(a) transfers the contents of A to B (b) copies the contents of A to B 
(c) copies the contents of Ato B and C (d) transfers the contents of A to C 
The program 


GLYAT: 
while A not 0 
do 
CET- X? 
while (B not 0) 
do 
Ine Cyane KA anc. By 
end; 
while (x not 0) 
do 
inc B; dec x; 
end; 
dec A; 


end 
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(a) computes A+B (b) computes A-B 
(c) computes A x B (d) computes A x A 
40. If we add one more instruction cpy x, y — which copies the contents of x to y, 
then the following program, 


clr C; cpy A, x; 
while(x not 0) 
do 
Cpy x, y; 
while(y not 0) 
do 
inc C; dec y) 
end; 
dec x; 
end 
(a) finds 1+2+3+...+A (b) computes A+A 
(c) computes A*A (d) computes A+x 
41. The following program 
cpy A, x; clr C; 
while(x not 0) 
do 
inv C; dec x; 
end 
(a) assigns 0 to C 
(b) assigns 1 to C 
(c) assigns 0 to C, if A is even, else assigns 1 toC 
(d) assigns 0 to C,if Ais odd, else assigns 1 toC 
42. The following program 


cpy A, X; 
while(x not 0) 
do 


inv M; clr x; 
end; 
cpy A, xX; inv x; 
while(x not 0) 
do 

ine Ms clr x? 
end 


(a) computes M+x 
(b) does not change the value of M 


43. 
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A not 0 then inv M else inc M 
A not 0 then inc M else inv M 


(c) does the same thing as - if 
(d) does the same thing as - ii 


In which of the following cases, is it possible to obtain different results for call-by- 
reference and call-by-name parameter passing? 


(a) Passing an expression as a parameter (b) Passing an array as a parameter 
(c) Passing a pointer as a parameter (d) Passing an array element as a parameter 


The next two questions are based on the following program segment 
in pseudo-Pascal. 


Wee “x, YW 8 lintkegqets D 
Droes Alvar z € slinieeeeie)) y 
Welle x § MESCLA 
begin 
pe IR A = 36 
end; 


procedure B; 


begin 
x = x-1; 
end; 
begin 
x g= Se AGW e wreilice(y) 5 


44, 


45. 


46. 


If the language uses static scope rules, the output will be 


(a) 0 (b) 3 (c) 4 (d) 5 
If the language uses dynamic scope rules, the output will be 
(a) 0 (b) 3 (c) 4 (d) 5 
What will the following function compute? 
function what(x, n : integer) : integer; 
var 
value : integer; 
begin 
value := 1; 
if(n > 0) then 
begin 
if(n mod 2 = 1) then 
value := value*x; 
value := value*what(x*x, n div 2); 
end; 
what := value; 
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(a) x+n (b) x*n (c) x*x (d) x" 
47. An array A consists of n integers in locations A[0], A[1], 


A[n-1]. 


It is required to shift the elements of the array cyclically to the left by k places, where 


1 <k<n 


1. An incomplete algorithm for doing this in linear time, without 


using another array is given below. Complete the algorithm by filling in the blanks. 
Assume all variables are suitably declared. 


min Saye a. = 0 
while { +») do 
begin 
temp := Afi]; j := i; 
while ( — ) do 
begin 
ATII r= 2. oy a aS Ttk) mod. -ny 
if(j < min) then 
min := j; 
end; 
A[(nti-k) mod n] := _— _— j} 
dee N 
end; 
(a) i > min; j != (nti) mod n; A[j+k]; temp; i+1; 
(b) i < min; j != (n+i) mod n; A[jt+k]; temp; i+1; 
(c) i > min; j != (n+i+k) mod n; A[j+k]; temp; i+1; 
(d) i < min; j != (n+i-k) mod n; a[(j+k) mod n]; temp; 


The next two questions are based on the following program. 


i+1; 


program main; 
Wee 12 sliniteeteiez 


procedure two; 


begin write(r) end; 
procedure one; 
Wee rg sihareceres 
IgSCjilin ie $= Be OF Enoy 
begin 

i §= 22 ewo, OMSL EWO, 
end 


` 


48. If static scoping is used by all variables, the output will be 

(a) 222 (b) 255 (c) 252 (d) 555 
49. If dynamic scoping is used by all the variables, the output will be 

(a) 222 (b) 255 (c) 252 (d) 555 


50. 


51. 


*52. 


*53., 


54. 
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Consider the recursive function 


function fib(n : integer) : integer; 
begin 
if(n = 0) or (n = 1) then fib := 1 
else fib := fib (n-1)+ fib (n-2) 
end; 


The function is run on a computer with a stack of size 64 bytes. If only the return 
address and parameter are passed to the stack and they need two bytes each, estimate 
the maximum value of n for which the stack does not overflow. 

(a) 4 (b) 6 (c) 10 (d) 9 

A data driven machine is one that executes an instruction if the needed data is avail- 


able. The physical ordering of the code listing does not dictate the course of execution. 
Consider the following pseudo-code. 


(A) Multiply E by 0.5 to get F (B) Add A and B to get E 

(C) Add B with 0.5 to get D (D) Add E and F to get G 

(E) Add A with 10.5 to get C 

Assume A, B, C are already assigned values and the desired output is G. 
Which of the following sequence of execution is valid? 


(a) B, C, E, A, D (b) C, B, E, A, D 

(c) A, B, C, D,E (d) E, D, C, B, A 

In the previous question, in how many different ways can the 5 instructions be sequenced? 
(a) 10 (b) 8 (c) 6 (d) 12 


In a demand-driven machine, an instruction is not executed until its output is needed. 
For the previous question, in what order will the instructions be sequenced? 

(a) D, B, A, C, E (b) A, B, C, D, E 

(c) E, D, C, B, A (d) None of these 

The following is an incomplete pseudo-Pascal function to convert a given decimal 


integer (in the range -8 to 7) into a binary integer in 2’s complement form. Determine 
the expressions that complete the program. 


function TWOCOMP(N : integer) : integer; 
var 
REM, EXPO, BINARY : integer; 
begin 
if (n 2 -8) and (N < 7)then 
begin 
if N < 0 then 
N = Žo i} 
BINARY := 0; EXPO := 1; 


while N <> 0 do 
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begin 
REM := N mod 2; 
BINARY := BINARY+ _ * EXPO; 
EXPO := EXPO*10; 
Ne = og 
end; 
TWOCOMP := BINARY 
end 
end; 
(a) Nt+1; REM; N div 2 (b) N+16; REM; N div 2 
(c) N+1; REM; N mod 2 (d) N+16; REM; N mod 2 


*55. What is the value of variable X after the execution of the following pseudo-Pascal 
program fragment? 


X := -10; 
y := 20; 
if X>Y 
then 
if X<0 
then X := abs (X) 
else X := 2*x; 
(a) 20 (b) 30 (c) —10 (d) —20 


56. Consider the following macro definition. 
macro Add x, y 
Load y 
Mul x 
Store y 
end macro 
x and y are 
(a) variables (b) identifiers 
(c) actual parameters (d) formal parameters 


*57. Which of the following strings can definitely be said to be tokens without looking at 
the next input character while compiling a Pascal program? 


I. begin Il. program Il. <> 
(a) I only (b) II only (c) HI only (d) All of the above 
58. Assume X and Y are non-zero positive integers. The following pseudo-Pascal program 
while X <> Y do 
if X > Y then X := X-Y 
else Y := Y-X: 
write (X); 


59. 


*60. 


*61. 


*62. 
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(a) computes the LCM of two numbers 

(b) divides the larger number by the smaller number 

(c) computes the GCD of two numbers 

(d) finds the smaller of two numbers 

The value of X printed by the following pseudo-Pascal program is 
program COMPUTE(input, output); 


var 
X : integer; 
procedure FIND(X : real); 
begin 
X := sqrt(X); 
end; 
begin 
X := 2; FIND(X); writeln(X) 
end. 
(a) 2 (b) V2 
(c) Run-time error (d) None of these 


A language with string manipulation facilities uses the following operations. 
head(s)- returns the first character of string s 


tail(s) - returns all but the first character of string s 

concat(sl, s2) concatenates strings s1 and s2 

The output of concat (head(s), head (tail(tail(s)))), where s is 
achbc, is 

(a) ab (b) ba (c) ac (d) aa 


Which of the following statements are true? 
I. As the number of entries in the hash table increases, the number of collisions in- 
creases. 
II. Recursive programs are efficient. 
III. The worst case complexity of Quick sort is O(n’) . 
IV. Binary search using a linear linked list is efficient. 
(a) I and II (b) II and III (c) I and IV (d) I and III 
Consider the following high level program segment. 


var 
Ap Bp (Wy. -Xy Y : unsigned byte; 
Z: unsigned integer; 

begin 
X A+B; 
Y := abs (A-B); 
W = A-B; 
Z A*B; 
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Assuming integer occupies 2 bytes and the initial values of A and B are 5CH and 
92H respectively, the final values of w, X, Y and Z will be 
(a) CAH, EEH, 36H, 3478H (b) AH, EEH, 36H, 3478H 
(c) AH, EBH, 36H, 3478H (d) CAH, EBH, 36H, 3478H 

*63. Consider the following pseudo-Pascal function, where A and B are non-zero positive 
integers. What is the value of GET (3,2)? 


function GET(A, B : integer) : integer; 
begin 
if B= 0 
then 
GET := 1 
else if A < B 
then 
GET := 0 
else 
GET := GET(A-1,B) + GET(A-1,B-l1) 
end; 
(a) 1 (b) 2 (c) 3 (d) 7 


*64. Which languages necessarily need heap allocation in the runtime environment? 
(GATE 2010) 


(a) Those that support recursion 

(b) Those that use dynamic scoping 

(c) Those that allow dynamic data structures 
(d) Those that use global variables 


Let the symbol D stand for a variable that is defined or refined. Let the symbol K 
stand for a variable that is killed. Let the symbol U stand for a variable that 
is used. The next three questions are based on the above notations. 


65. Consider the assignment statement 


varl = varl + var2; 
The sequence of notations that correctly reflects the usage of the variable var1 is 
(a) KD (b) D (c) UD (d) UKD 
66. Which of the following sequences (for a particular variable) is harmless but suspicious? 
(a) DU (b) KD (c) UU (d) DD 
67. Which of the following sequences (for a particular variable) are probably bugs? 
(a) KK (b) UK (c) KU (d) DK 


*68. What is the return value of f (p, p), if the value of p is initialized to 5 before the call? 
Note that the first parameter is passed by reference, whereas the second parameter is 
passed by value. (GATE 2013) 
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int f(int &x, int c) { 


CS Eo, ye 
ete (c==0) return 1; 
x = x + 1; 


return f(x, c) * x; 
} 
(a) 3024 (b) 6561 (c) 55440 (d) 161051 
69. Vernacular languages (like English) and programming languages have a lot of similari- 
ties. In a broad sense, the nouns and verbs are comparable to 
(a) operators and identifiers respectively (b) operands and identifiers respectively 
(c) operands and operators respectively (d) operators and functions respectively 
70. Consider the following C program. 
#include “stdio.h” 
main( ) 
{ 
enum boolean {true, false}; 
enum boolean a, b, c; 


a = b = true; 
c = (a==b); 
if (c == a) 
printf (“TRUE”); 
else 
printf (“FALSE”); 


} 
The output of the above program will be 


(a) TRUE (b) FALSE 
(c) computer dependent (d) unpredictable 


l. b 2. d 3. d 4. a,d 

5. d 6. c 7.a . b,c, d 
9. a 10. b,c ll. a, d 12. c 

13. a, b 14. c 15. c 16. a,b 

17. c 18. d 19. a, b, c, d 20. a 
21. a,b,c,d 22. a,b,c 23. b 24. a,b,c,d 
25. b 26. a 27. b 28. a,d 
29. b 30. a 31. a 32. ¢ 
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37. 
41. 
45. 
49. 
53. 
57. 
61. 
65. 
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a 34. a,b 35. b 36. a,b,c,d 
a 38. b 39. c 40. a 

c 42. c 43. a 44. c 

a 46. d 47. d 48. a 

a 50. b 51. a,b 52. d 

d 54. b 55. € 56. d 

c 58. c 59. a 60. a 

d 62. a 63. c 64. c 

d 66. d 67. a,c, d 68. b 

c 70. b 


Exron | 


3. 


11. 


19. 


The access link from an activation record points to the enclosing block in the lexical 
structure of the program. So the access link from the procedures should be pointing the 
main function. 


. There is no relationship between code size and execution time. For example, use of 


recursion, generally results in compact code, but execution time will be more. 


. APL also evaluates an arithmetic expression, the same way as a calculator. 
. Orthogonality is the principle that each component of a language should be independent 


of the other components. Context-free in a broad sense means replacement of one pat- 
tern by another, irrespective of the context. 

In option (a), the expression is equivalent to 

(5 - (3 + 2)) x (4 + 1), which evaluates to 0. 

In option (b), itis ((((5 - 3) + 2) xX 4) + 1), which yields 17. 

In option (c), itis (5 - (3 + (2 x (4 + 1)))), which evaluates to -8. 

In option (d), itis ((5 - (3 + 2)) x (4 + 1), which evaluates to 0. 

In fact f (x) will be 91 for any x less than 101. Let us use the short form f? (x), to 
denote f (f (f (x) )) . What will be the value of £” (91)? 

f”(91) = Ti (102) = £"(92) = pm (103) etc., 

At some stage, it willbe f°” (100) = f°*™* (111) = f°(101) = f° (91). We 
started with £” (91) and reduced it to £™71 (91) . This n-1 can be reduced n-2, etc., 
Ultimately one gets f (91), which can be proved to be 91, using the same logic. 
What is left to be proved is, if you start with any number less than 101, you should be 
getting £° (91), for some n. This is obvious because we keep on adding 11, till the 
argument falls in the range 101 to 111. Afterwards, a 111 becomes 91 in two steps - 101 
becomes 91 in one step. For any other number in this range, we subtract 10 and in the 
next step, add 11. The net effect is adding 1 to the number. Progressing this way, one 
gets 111, which will be reduced to 91 in two steps. 


20. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


35. 


37. 


52. 


53. 
55. 
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In this language, the given expression is equivalent to (5 x (3 - (2 - 
(1 x 2)))), which evaluates to 15. 

If the parameters are passed by value, the function will be manipulating a local copy 
of the argument value. Any change will be local to the function and hence will not be 
reflected in the calling environment. 

In call by reference, the address of the actual arguments will be passed to the function. 
Any change done inside the function will be reflected outside the function also. 

In this case, the following statements will be executed by the function. temp := M; 
M:=X[M]; X[M] := temp; So, what is evaluated is temp := 2; M :=X[2]; 
X[M] := temp; i.e., M will be assigned 4, after which X[M] , i.e., X[4] will be 
assigned 2. X[2] remains unaltered. So, 4, 4 will be printed. 

If x and y are negative integers, this loops infinitely resulting in abnormal termination 
because of stack overflow. If 0, 0 is the input, 0 will be returned. 

end may be prefix of an identifier. 

<, if followed by =, can’t be treated as a single token. 

:, if followed by =, can’t be treated as a single token. 

If A, B, C are all declared to be variable parameters, the call doit (A, A, A) executes 
the statements - A:=A-2; A:=A+A; i.e., it evaluates A:=10-2; A:=8+8; 
Because of the variable parameter declaration, these changes will be global. Hence 16 
will be printed. 

Refer Qn.30. If A and B are declared as variable parameters, what is evaluated is 
A:=10-2; A:=8+10; This 18 will have no impact outside as it is assigned to C, 
a local variable. So, it prints 18 and 8. 

A word may have more than one meaning. We use our common sense to decide, in what 
sense it is used in the current context which a computer can’t. 

In Pascal, pre-defined meaning of the standard identifiers can be changed by the user. 
Here the standard identifiers false, char, real are used as user-defined variables. 


clr x can be simulated as 
while x not 0 
do 
dec x 
end. 
Another way is 
inc x 
inv x 
Instructions B, C, and E can be executed in any order. Instruction A can be executed 
after executing instruction B. So, 12 possible ways. 


Instruction C and instruction E will never get executed as their output is not needed. 


Since the condition X > Y fails, execution takes the else route, which does nothing. 
So the value of X will remain unchanged. 
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beginabc is a single token representing an identifier. Just after scanning the symbols 
b, e, g, i, n, — it should not be incorrectly grouped as the keyword begin. 
For similar reasons, program cannot be grouped as a keyword, without scanning the de- 
limiter. But, <> can be grouped as a Boolean operator, does not matter what symbol is 
following the >. 
tail(s) returns cbc. tail(tail(s)) returns bc. So the given operation reduces 
to concat (head (acbc) ,head(bc)), which is concat (a,b) - which is the 
string ab. 
Recursive program takes more time than its equivalent non-recursive version and so is 
not efficient. This is because of the function call overhead. 
In binary search, since every time the current list is probed at the middle, random access 
is preferred. Since linked list does not support random access, binary search implemented 
this way is inefficient. 
The values of the variables W, X, Y and Z after the execution of the program will be 
CAH, EEH, 36H, and 3478H. 
GET (3,2) GET(2,2) + GET(2,1) 

= GET(1,2) + GET(1,1) + GET(1,1) + GET(1,0) 

= 0 + GET(1,1) + GET(1,1) + 1 

= 2 X (GET(0,1) + GET(0,0)) + 1 

=2 +1=3. 
The actual memory requirement for dynamic data structures may not be known at com- 
pile time. In reality, allocation for global variables and static variables come from the 
heap. 
Call to f(p, p) with variable p initialized to 5, returns f(x, 4) * x because the condition 
(c==0) evaluated to false. Note that the value of x is 6 and c is 4. 
Evaluation of f(x, 4) returns f(x, 3) * x where x has the value 7. 
Evaluation of f(x, 3) returns f(x, 2) * x where x has the value 8. 
Evaluation of f(x, 2) returns f(x, 1) * x where x has the value 9. 
Evaluation of f(x, 1) returns 1 because the condition (c==0) evaluated to true. 
The unwinding process, feeds 1 to f(x, 1) and evaluates f(x, 1) * x to 1 * 9 because the 
variable x is shared by all the invocations of function f. This 9 is the value of f(x, 2). 
J (x, 3) evaluates to 9 * 9; fix, 4) evaluates to 9 * 9 * 9; f(x, 5) evaluates to 9 * 9 * 9 * 
9 = 6561 


In this chapter, 
CFG stands for context free grammar. 
DFSA stands for deterministic finite state automata. 
NDFSA stands for non-deterministic finite state automata. 


*2. 


*4, 


. Cross-compiler is a compiler 


(a) which is written in a language that is different from the source language. 

(b) that generates object code for its host machine. 

(c) which is written in a language that is same as the source language. 

(d) that runs on one machine but produces object code for another machine. 

In a compiler, keywords of a language are recognized during (GATE 2011) 
(a) parsing of the program (b) the code generation 

(c) the lexical analysis of the program (d) dataflow analysis 


. For which of the following reasons, an interpreter is preferred to a compiler? 


(a) It takes less time to execute. 

(b) It is much helpful in the initial stages of program development. 

(c) Debugging can be faster and easier. 

(d) All of these. 

Consider two binary operators ‘1’ and ‘J’ with the precedence of operator | being lower 
than that of the operator Ae Operator T is right associative while operator J is left 


associative. Which one of the following represents the parse tree for expression 
(7143147342? (GATE 2011) 
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5. The cost of developing a compiler is proportional to the 
(a) complexity of the source language 
(b) complexity of the architecture of the target machine 
(c) flexibility of the available instruction set 
(d) none of the above 
6. An ideal compiler should 
(a) be smaller in size 
(b) take less time for compilation 
(c) be written in a high level language 
(d) produce object code that is smaller in size and executes faster 
7. An optimizing compiler 
(a) is optimized to occupy less space 
(b) is optimized to take less time for execution 
(c) optimizes the code 
(d) none of the above 
8. In a compiler, grouping of characters into tokens is done by the 
(a) lexical analyzer (b) parser 
(c) code generator (d) code optimizer 
9. Whether a given pattern constitutes a token or not 
(a) depends on the source language (b) depends on the target machine language 
(c) depends on the assembly language (d) none of the above comments is true 
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13. 


14. 


15. 


16. 
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. A grammar will be meaningless if the 
(a) terminal set and the non-terminal set are not disjoint 
(b) left hand side of a production is a single terminal 
(c) left hand side of a production has no non-terminal 
(d) left hand side of a production has more than two non-terminals 


. Which of the following grammars are not phase-structured? 
(a) Regular (b) Context-free 
(c) Context-sensitive (d) None of the above 


. Definition of a language L with alphabet {a} is given as following. 
L= fa” | k > 0, and n is a positive integer constant} 
What is the minimum number of states needed in a DFA to recognize L? 
(GATE 2011) 


(a) k+1 (b) n+1 (c) 2”*! (d) 2**! 

In a context-sensitive grammar, 

(a) € can’t be the right-hand side of any production 

(b) number of grammar symbols on the left-hand side of a production can’t be greater 
than the number of grammar symbols on the right-hand side 

(c) number of grammar symbols on the left-hand side of a production can’t be greater 
than the number of terminals on the right-hand side 

(d) number of grammar symbols on the left-hand side of a production can’t be greater 
than the number of non-terminals on the right-hand side 

In a context-free grammar, 

(a) € can’t be the right-hand side of any production 

(b) terminal symbols can’t be present in the left-hand side of any production 

(c) the number of grammar symbols in the left-hand side is not greater than the number 
of grammar symbols in the right-hand side 

(d) all of the above 


If w is a string of terminals and A, B are two non-terminals, then which of the following are 
right-linear grammars? 
(a) A > Bw (b) A > Bwliw 
(c) A > wBlw (d) None of the above 
If a is a terminal and S, A, B are three non-terminals, then which of the following are 
regular grammars? 
(a) S > e (b) A > aBla 
A > aS|b B +> bA|b 


(c) A > Ba|Bab (d) A > abB|aB 
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A deterministic finite automation (DFA) D with alphabet x = {a, b} is given below. 


Fig. 13.1 
Which of the following finite state machines is a valid minimal DFA which accepts the 
same languages as D? (GATE 2011) 


(b) 


CFG can be recognized by a 


(a) push-down automata (b) 2-way linear bounded automata 
(c) finite state automata (d) none of the above 

CSG can be recognized by 

(a) push-down automata (b) 2-way linear bounded automata 
(c) finite state automata (d) none of the above 


Choose the correct statements. 

(a) Sentence of a grammar is a sentential form without any terminals. 

(b) Sentence of a grammar should be derivable from the start state. 

(c) Sentence of a grammar should be frontier of a derivation tree, in which the root node 
has the start state as the label. 

(d) All of the above 
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A grammar can have 

(a) a non-terminal A that can’t derive any string of terminals 
(b) a non-terminal A that can be present in any sentential form 
(c) £ as the only symbol on the left hand side of a production 
(d) none of the above 

A top-down parser generates 


(a) left-most derivation (b) right-most derivation 

(c) right-most derivation in reverse (d) left-most derivation in reverse 
A bottom-up parser generates 

(a) left-most derivation (b) right-most derivation 

(c) right-most derivation in reverse (d) left-most derivation in reverse 


A given grammar is said to be ambiguous if 

(a) two or more productions have the same non-terminal on the left hand side 
(b) a derivation tree has more than one associated sentence 

(c) there is a sentence with more than one derivation tree corresponding to it 
(d) parenthesis are not present in the grammar 


The grammar E — E+E | E*E | a, is 
(a) ambiguous 
(b) unambiguous 
(c) ambiguous or not, depends on the given sentence 
(d) none of the above 
What is the maximum number of reduce moves that can be taken by a bottom-up parser 
for a grammar with no epsilon - and unit-production (i.e., of type A > € and A > a) 
to parse a string with n tokens? (GATE 2013) 
(a) n/2 (b) n-1 (c) 2n-1 (d) 2” 
Consider the grammar 
S — ABSc | Abc 
BA — AB 
Bb — bb 
Ab > ab 
Aa — aa 
Which of the following sentences can be derived by this grammar? 
(a) abc (b) aab (c) abcc (d) abbe 
The language generated by the above grammar is the set of all strings, made up of a, 
b, c, such that 
(a) the number of a’s, b’s, and c’s will be equal 
(b) a’s always precede b’s 
(c) b’s always precede c’s 
(d) the number of a’s, b’s, and c’s are the same and, the a’s precede the b’s, which 
precede the c’s 
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*29. Consider the following two sets of LR(1) items of an LR(1) grammar. (GATE 2013) 


*30. 


31. 


*32. 


X > c.X, c/d X > c.X, $ 
X > .cX, c/d X > .cX, $ 
X > .d, c/d xX > .d, $ 


Which of the following statements related to merging of two sets in the corresponding 
LALR parser is/are FALSE? 


1. Cannot be merged since look aheads are different. 

2. Can be merged but will result in S-R conflict. 

3. Can be merged but will result in R-R conflict. 

4. Cannot be merged since goto on c will lead to two different sets. 


(a) 1 only (b) 2 only (c) 1 and 4 only (d) 1, 2, 3 and 4 
Which data structure in a compiler is used for managing information about variables 
and their attributes? (GATE 2010) 
(a) Abstract syntax tree (b) Symbol table 

(c) Semantic stack (d) Parse table 

Two finite state machines are said to be equivalent if they 


(a) have the same number of states 

(b) have the same number of transitions 

(c) have the same number of states and edges 
(d) recognize the same set of tokens 


Given the following state table of an FSM with two states A and B, one input and one 
output: 


Present | Present Next 
State A | State B State A | State B | Output 


=|=. olol.. olo 
=|= et Re ololol o 
Solr} D S 


C S | at, | a E E a e 


(GATE 2009) 


If the initial state is A = 0, B = 0, what is the minimum length of an input string which 
will take the machine to the state A = 0, B = 1 with Output = 1? 


(a) 3 (b) 4 (c) 5 (d) 6 
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If two finite-state machines M and N are isomorphic then M can be transformed to N by 
re-labeling 

(a) the states alone (b) the edges alone 

(c) both the states and edges (d) none of the above 

In a syntax directed translation scheme, if the value of an attribute of a node is a func- 
tion of the values of the attributes of its children, then it is called a 

(a) synthesized attribute (b) inherited attribute 

(c) canonical attribute (d) none of the above 

Synthesized attribute can easily be simulated by an 

(a) LL grammar (b) ambiguous grammar 

(c) LR grammar (d) none of the above 

For which of the following situations, inherited attribute is a natural choice? 


(a) Evaluation of arithmetic expressions 

(b) Keeping track of variable declaration 

(c) Checking for the correct use of L-values and R-values 
(d) All of the above 


Match all items in Group 1 with correct options from those given in Group 2. 


Regular expression : Syntax analysis 


Pushdown automata ; Code generation 


Dataflow analysis : Lexical analysis 


Register allocation : Code optimization 
(GATE 2009) 


(a) P-4, Q-1, R-2, S-3 (b) P-3, Q-1, R-4, S-2 
(c) P-3, Q-4, R-1, S-2 (d) P-2, Q-1, R-4, S-3 


Statement for Linked Answer Questions 38 and 39: 


For the grammar below, a partial LL(1) parsing table is also presented along with the 
grammar. Entries that need to be filled are indicated as E1, E2, and E3. € is the empty 
string, $ indicates end of input, and, | separates alternate right hand sides of productions. 
Sr>aAbB|bAaBle 

A>S 

BOS 
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The FIRST and FOLLOW sets for the non-terminals A and B are (GATE 2012) 
(a) FIRST(A) = {a, b, €} = FIRST(B) (b) FIRST(A) = {a, b, $} 

FOLLOW(A) = {a, b} FIRST(B) = {a, b, €} 

FOLLOW(B) = {a, b, $} FOLLOW(A) = {a, b} 


FOLLOW(B) = {$} 
(c) FIRST(A) = {a, b. £} = FIRST(B) (d) FIRST(A) = {a, b} = FIRST(B) 


FOLLOW(A) = {a, b} FOLLOW(A) = {a, b} 
FOLLOW(B) = Ø FOLLOW(B) = {a, b} 
The appropriate entries for El, E2, and E3 are (GATE 2012) 
(a) El: S — aAbB, A > S (b) El: S— aAbB, S > € 
E2: S — bAaB,B > S E2: S — bAaB, S > € 
E3: B >S E3: S > € 
(c) El: S > aAbB, S > € (d) El: A > S, S > € 
E2: S > bAaB, S > € E2: B >S, S >€ 
E3: B >S E3: B >S 
Which one of the following is FALSE? (GATE 2009) 


(a) There is a unique minimal DFA for every regular language. 
(b) Every NFA can be converted to an equivalent PDA. 
(c) The complement of every context-free language is recursive. 


(d) Every nondeterministic PDA can be converted to an equivalent deterministic PDA. 


Which of the following is not an intermediate code form? 


(a) Postfix notation (b) Syntax trees 

(c) Three address codes (d) Quadruples 

Three address codes can be implemented by 

(a) indirect triples (b) direct triples 

(c) quadruples (d) none of the above 
Three address code involves 

(a) exactly 3 addresses (b) at the most 3 addresses 
(c) no unary operator (d) none of the above 
Symbol table can be used for 

(a) checking type compatibility (b) suppressing duplicate error messages 
(c) allocating storage (d) none of the above 


The best way to compare the different implementations of symbol table is to compare 
the time required to 

(a) add a new name (b) make an inquiry 

(c) add a new name and make an inquiry (d) none of the above 
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Which of the following symbol table implementations is based on the property of 
locality of reference? 

(a) Linear list (b) Search tree 

(c) Hash table (d) Self-organization list 


Common Data for Questions 47 and 48: 
Consider the following Finite State Automation: 


a 


Fig. 13.2 


The language accepted by this automaton is given by the regular expression 
(GATE 2007) 


(a) b*ab*ab*ab* (b) (a+ b)* (c) b*a(a + b)* (d) b*ab*ab* 

The minimum state automaton equivalent to the above FSA has the following number 
of states. (GATE 2007) 
(a) 1 (b) 2 (c) 3 (d) 4 

Access time of the symbol table will be logarithmic, if it is implemented by a 

(a) linear list (b) search tree 

(c) hash table (d) self-organizing list 

Which of the following are regular sets? (GATE 2008) 


I. {a"b™ |n>0,m2=0} 
II. { a"b” | n= 2m} 
Tl. { a"b” |n +m} 
IV. {xcy | xy e {a,b}"} 
(a) I and IV only (b) J and III only (c) I only (d) IV only 
Which of the following is not a source of error? 
(a) Faulty design specification (b) Faulty algorithm 
(c) Compiler themselves (d) None of the above 
Any transcription error can be repaired by 
(a) insertion alone (b) deletion alone 
(c) insertion and deletion alone (d) replacement alone 
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53. Hamming distance is a 
(a) theoretical way of measuring errors 
(b) technique for assigning codes to a set of items known to occur with a given prob- 
ability 
(c) technique for optimizing the intermediate code 
(d) none of the above 
54. Error repair may 
(a) increase the number of errors (b) generate spurious error messages 
(c) mask subsequent errors (d) none of the above 
55. A parser with the valid prefix property is advantageous because 
(a) it detects error as soon as possible 
(b) it detects errors as and when they occur 
(c) it limits the amount of erroneous output passed to the next phase 
(d) all of the above 
56. The advantage of panic mode of error recovery is that 


(a) it is simple to implement (b) it is very effective 
(c) it never gets into an infinite loop (d) none of the above 
57. To recover from an error, the operator precedence parser may 
(a) insert symbols onto the stack (b) insert symbols onto the input 
(c) delete symbols from the stack (d) delete symbols from the input 


58. Which of the following optimization techniques are typically applied on loops? 
(a) Removal of invariant computation (b) Elimination of induction variables 


(c) Peephole optimization (d) Constant folding 
59. The technique of replacing run time computations by compile time computations is 
called 
(a) constant folding (b) code hoisting 
(c) peephole optimization (d) invariant computation 
60. The graph that shows the basic blocks and their successor relationship is called 
(a) control graph (b) flow graph 
(c) DAG (d) Hamiltonian graph 


61. Reduction in strength means 
(a) replacing run time computation by compile time computation 
(b) removing loop invariant computation 
(c) removing common sub-expressions 
(d) replacing a costly operation by a relatively cheaper one 
62. A basic block can be analyzed by a 
(a) DAG (b) graph which may involve cycles 
(c) flow-graph (d) none of the above 
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ud-chaining is useful for 

(a) determining whether a particular definition is used anywhere or not 
(b) constant folding 

(c) checking whether a variable is used, without prior assignment 

(d) none of the above 


Which of the following concepts can be used to identify loops? 
(a) Dominators (b) Reducible graphs 
(c) Depth first ordering (d) None of the above 
Which of the following are not loop optimization techniques? 
(a) Jamming (b) Unrolling 

(c) Induction variable elimination (d) None of the above 
Running time of a program depends on the 


(a) way the registers are used 

(b) order in which computations are performed 
(c) way the addressing modes are used 

(d) use of machine idioms 


Match the following NFAs with the regular expressions they correspond to 
(GATE 2008) 


Fig. 13.3 
1. e + 0(01*1 + 00)*01* 
2. e + 0(10*1 + 00)*0 
3. €+ 0(10*1 + 10)*1 
4. € + 0(10*1 + 10)*10* 
(a) P-2, Q-1, R-3, S-4 (b) P-1, Q-3, R-2, S-4 
(c) P-1, Q-2, R-3, S-4 (d) P-3, Q-2, R-1, S-4 
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Match the following: 


Checking that identifiers are de- - |L= fa"b"c"d"|n>1,m2>1} 
clared before their use 


Number of formal parameters in the | Q. | y_, XbX | XcX | dXf | g 
declaration of a function agrees with 

the number of actual parameters in 

use of that function 


Arithmetic expressions with matched | R. | 7 = fwew | we (a| b)*} 
pairs of parentheses 


Palindromes © |X — bXb| cXc\e 


(GATE 2008) 
(a) E-P,F-R,G-O,H-S (b) E-R, F—-P,G-S,H-O 
(c) E-R,F-P,G-QO,H-S (d E-P,F-R,G-S,H-@QO 
Shift-reduce parsers are 


(a) top-down parsers 
(b) bottom-up parsers 
(c) may be top-down or bottom-up parsers 
(d) none of the above 
Recursive descent parsing is an example of 


(a) top-down parsing (b) bottom-up parsing 

(c) predictive parsing (d) none of the above 

In operator precedence parsing, precedence relations are defined 

(a) for all pairs of non-terminals (b) for all pairs of terminals 

(c) to delimit the handle (d) only for certain pairs of terminals 


For parsing arithmetic expressions, involving (, ), + and —, the precedence relation between 
— and -, will be <, if 
(a) we are talking of unary minus (b) minus is right associative 
(c) minus is left associative (d) a ( comes in between 
For the previous question, the precedence relation between ) and ( will be 
(a) > (b) < (c) = (d) undefined 
Some code optimizations are carried out on the intermediate code because 

(GATE 2008) 
(a) they enhance the portability of the compiler to other target processors 
(b) program analysis is more accurate on intermediate code than on machine code 
(c) the information from dataflow analysis cannot otherwise be used for optimization 
(d) the information from the front end cannot otherwise be used for optimization 
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*75. Which of the following describes a handle (as applicable to LR-parsing) appropriately? 
(GATE 2008) 
(a) It is the position in a sentential form where the next shift or reduce operation will 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


occur. 


(b) It is a non-terminal whose production will be used for reduction in the next step. 
(c) It is a production that may be used for reduction in a future step along with a posi- 


tion in the sentential form where the next shift or reduce operation will occur. 


(d) It is the production p that will be used for reduction in the next step along with a 
position in the sentential form where the right-hand side of the production may be 


found. 
Which of the following is the most powerful parser? 
(a) SLR (b) LALR 
(c) Canonical LR (d) Operator-precedence 


Choose the correct statements. 

(a) There are CFG’s that are not LR 

(b) An ambiguous grammar can never be LR 
(c) An ambiguous grammar can be LR 

(d) Any CFG has to be LR 


YACC builds 

(a) SLR parsing table (b) canonical LR parsing table 
(c) LALR parsing table (d) none of the above 

Choose the correct statements. 


(a) LL(k) grammar has to be a CFG 

(b) LL(k) grammar has to be unambiguous 

(c) There are LL(k) grammars that are not Context Free 

(d) LL(k) grammars cannot have left recursive non-terminals 

Consider an e-free CFG. If for every pair of productions A>u and A>v 
(a) if FIRST(u) M FIRST (v) is empty then the CFG has to be LL(1) 
(b) if the CFG is LL(1) then FIRST (u) A FIRST (v) has to be empty 
(c) if FIRST(u) M FIRST (v) is empty then the CFG cannot be LL(1) 
(d) none of the above 


LR(A) grammar 

(a) can only examine a maximum of k input symbols 

(b) can be used to identify handles 

(c) can be used to identify the production associated with a handle 

(d) covers the LL(A) class 

The set of all viable prefixes of right sentential form of a given grammar 
(a) can be recognized by a finite state machine 

(b) cannot be recognized by a finite state machine 

(c) can be used to control an LR(k) parser 

(d) none of the above 
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*83. An LALR(1) parser for a grammar G can have shift-reduce (S-R) conflicts if and only if 


84. 


85. 


86. 


87. 


88. 


(GATE 2008) 
(a) The SLR(1) parser for G has S-R conflicts 
(b) The LR(1) parser for G has S-R conflicts 
(c) The LR(0) parser for G has S-R conflicts 
(d) The LALR(1) parser for G has reduce-reduce conflicts 


The next three questions are based on the following grammar: 


5> E/X | X 
X > T-X | X*T | T 
T > THF | F 
F — (E) | id 


(id stands for identifier) 
This grammar is 
(a) unambiguous (b) ambiguous (c) context-free (d) none of these 
The above grammar is used to generate all valid arithmetic expressions in a hypotheti- 


cal language in which 


(a) / associates from the left 
(c) + associative from the left 


(b) — associates from the left 
(d) * associative from the left 


The above grammar is used to generate all valid arithmetic expressions in a hypotheti- 


cal language in which 

(a) + has the highest precedence 

(c) — has the highest precedence 
Back-patching is useful for handling 
(a) conditional jumps 

(c) backward references 


(b) * has the highest precedence 
(d) / has the highest precedence 


(b) unconditional jumps 
(d) forward references 


The next three questions are based on the definition given below. 
Let x be a string and let A be a non-terminal. FIRST, (x) is the set of all leading terminal 
strings of length k or less, in the strings derivable from x. 


FOLLOW, (A) is the set of all derivable terminal strings of length k or less, that can 
follow A in some left-most sentential form. 


Consider the grammar 
E > TE! 
E” > +TE’ | € 
T > FT’ 
T’ > *FT’ | € 
F —> (E) | id 


FIRST, (E) will be same as that of 
(a) FIRST,(T) (b) FIRST, (F) 


(c) FIRST, (T”) (d) all of the above 
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FOLLOW, (F) is 

(a) {+,*,),$} (b) {+,),$} 
(c) {*,), $} (d) {+, (,),*} 
Which of the following remarks logically follows? 

(a) FIRST,(€) = {£} 


(b) If FOLLOW, (A) contains £, then A is the start symbol 

(c) If A > w, is a production in the given grammar G, then FIRST,(A) contains 
FIRST,(w) 

(d) If A > w, is a production in the given grammar G, then FIRST,(w) contains 
FIRST,(A) 


Merging states with a common core may produce ___, conflicts but does not produce 
conflicts in an LALR parser 

(a) reduce—reduce; shift-reduce (b) shift-reduce; reduce—reduce 

(c) shift-reduce; shift—reduce (d) none of the above 


For a CFG, FOLLOW (A) is the set of all terminals that can immediately appear to the 
right of the non-terminal A in some sentential form. We define two sets LFOLLOW (A) 
and RFOLLOW (A) by replacing the word sentential by “Left most sentential” and 
“Right most sentential” respectively in the definition of FOLLOW (A). 
Choose the correct statement(s). 
(a) FOLLOW (A) and LFOLLOW (A) may be different 
(b) FOLLOW (A) and RFOLLOW (A) are always the same 
(c) All the three are same 
(d) All the three are different 
In a programming language, an identifier is permitted to be a letter followed by any 
number of letters or digits. If L and D denote the set of letters and digits respectively, 
which of the following expressions defines an identifier? 
(a) (LUD)* (b) LLU D)* (c) (L.D)* (d) L.(L.D)* 
A shift reduce parser carries out the actions specified within braces immediately after 
reducing with the corresponding rule of grammar 

S > xxW { print “1” } 

S > y { print “2” } 

W- Sz { print “3” } 
What is the translation of xxxxyzz using the syntax directed translation scheme 
described by the above rules? 
(a) 23131 (b) 11233 (c) 11231 (d) 33211 
Which of the following features cannot be captured by CFG? 


(a) Syntax of if-then-else statements 
(b) Syntax of recursive procedures 


(c) Whether a variable is declared before its use 
(d) Matching nested parenthesis 
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A language L allows the declaration of arrays whose sizes are not known during com- 
pilation. It is required to make efficient use of memory. Which one of the following is 
true? 

(a) A compiler using static memory allocation can be written for L 

(b) A compiler cannot be written for L. An interpreter must be used. 

(c) A compiler using dynamic memory allocation can be written for L. 

(d) None of the above. 


Which one of the following is a top-down parser? (GATE 2007) 
(a) Recursive descent parser (b) Operator precedence parser 
(c) An LR(k) parser (d) An LALR(k) parser 


A minimum state deterministic finite automaton accepting the language 

(GATE 2007) 
L={w|we {0, 1}*, number of 0s and 1s in w are divisible by 3 and 5, respectively} 
has 


(a) 15 states (b) 11 states (c) 10 states (d) 9 states 
Consider the following two statements: (GATE 2007) 
P: Every regular grammar is LL(1) 

Q: Every regular set has a LR(1) grammar 

Which of the following is TRUE? 


(a) Both P and Q are true. (b) P is true and Q is false. 

(c) P is false and Q is true. (d) Both P and Q are false. 

Consider the grammer with non-terminals N = {S, C, S,}, terminals T = {a, b, i, t, e}, 
with S as the start symbol, and the following set of rules (GATE 2007) 
S — iCtSS, | a 

S; > eS |e 

C >b 

The grammar is NOT LL(1) because 

(a) it is left recursive (b) it is right recursive 

(c) it is ambiguous (d) it is not context-free 


Statement for Linked Answer Questions 101 and 102. 


Consider the CFG with {S, A, B} as the non-terminal alphabet, {a, b} as the terminal 
alphabet, S as the start symbol and the following set of production rules: 


S — aB S — bA 
Bob A->a 
B > bS A—>asS 
B —> aBB A —> bAA 


Which of the following strings is generated by the grammar? 
(GATE 2007) 


(a) aaaabb (b) aabbbb (c) aabbab (d) abbbba 

For the correct answer string to Qn. 101, how many derivation trees are there? 
(GATE 2007) 

(a) 1 (b) 2 (c) 3 (d) 4 
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l. d 2c 3. b,c 4. b 
5. a,b,c 6. a,b,c,d TC 8. a 
9. a 10. a, b, c ll. d 12. b 
13. a, b, c, d 14. b 15. c 16. b 
17. a 18. a, b 19. b 20. b,c 
21. a,b 22. a 23. c 24. c 
25. a 26. b 27. a 28. d 
29. d 30. b 31. d 32. a 
33. a 34. a 35. c 36. b,c 
37. b 38. a 39. c 40. d 
41. d 42. b,c 43. b 44. a,b,c 
45. c 46. d 47. c 48. b 
49. b 50. a 51. d 52. ¢ 
53. a 54. a,b,c 55. a,c 56. a,c 
57. a,b,c,d 58. a, b 59. a 60. b 
6l. d 62. a 63. a,b,c 64. a,b,c 
65. d 66. a,b,c, d 67. c 68. c 
69. b 70. a 71. c,d 72. a,b 
73. d 74. a 75. d 76. c 
77. a,b 78. c 79. a,b, d 80. a, b 
81. a,b,c,d 82. a,c 83. b 84. a,c 
85. a,c, d 86. a 87. d 88. a, b 
89. a 90. a, b, c 91. a 92. a,b 
93. b 94. a 95. c 96. c 
97. a 98. a 99. a 100. b 
101. c 102. b 


== $$ 


2. In most modern languages, keywords (identifiers that have special meaning to the compiler) 
are reserved (meaning, user cannot redefine/undefine/overload the predefined meaning). 
Typically, the symbol table is preloaded with the keywords. The lexical analyzer first 
identifies keywords as identifiers and before inserting them into the symbol table, checks 
against the preloaded keywords to correctly classify them as identifiers or keywords. 

4. The precedence of J is lower than that of T. 

This means that an expression like a Lb T c will evaluated as a 4 (b T c) 


The operator Î is right-associative. 


416 


12. 


17. 


25. 


26. 


MCQs in Computer Science 


This means that an expression like a T b T c will evaluated as a T (b di c) 

The operator J is left-associative. 

This means that an expression like a ļ b } c will evaluated as (a + b) le 

Note that nothing is mentioned about the commutativity of these two operators. 

With these rules, the expression 7 4 3 T413 J 2 will be evaluated as, (7) [3 ii (4 ‘i 
3)]) ¥ 2) 

The tree in Option (B) correctly reflects this order of evaluation. 

Consider the case when n = 3. In this case, the FSM should accept all strings of the form 
aX, k21. 

Such an FSM can be found below. 


Fig. 13.4 


Note that it has 4 states. 
When n = 4, the FSM will have 5 states, and it accepts all strings of the form a, k21 


So, an FSM accepting strings of the form a, k2 l and n is a constant, will have n + 1 
states. 


Option B is incorrect because it accepts string b which is not accepted by the given DFA. 
Option C is incorrect because it accepts string b which is not accepted by the given DFA. 
Option D is incorrect because it accepts string bba which is not accepted by the given 
DFA. 


Consider the string a+a*a. It can be derived as 
> E+E > E+E*E — atE*E — ata*E — ata*a 


or 
E — E*E + E+E*E — atE*E 4 ata*E > ata*a 

Since we know a string that can be derived in more than one way, the given grammar is 
ambiguous. 


Let the string of n tokens be a, ay a3 ... ap 


The following sequence of reductions will result in the maximum number of reduce 
moves. 


Reduction 1: a, a, gets reduced to a non-terminal, say, X}. 
Reduction 2: X, a, gets reduced to a non-terminal, say, X}. 
Reduction 3: X, a, gets reduced to a non-terminal, say, X3. 


Reduction n — 1: X„—2 a, gets reduced to the starting non-terminal, say, S. 


Note: If unit-productions of the form A > a are allowed, the maximum number of reduce 
moves would be (n — 1) +n =2n- 1 
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abc can be derived as follows. 

S — Abc —> abc using (Ab —> ab) 
As we see, any production from the start state has to end in c. So aab is impossible. 
Options (c) and (d) are also not possible. 
Generate some of the strings that can be derived from the start state and verify that 
they fall into the category covered by option (d). 
Note that the kernel is the same. Only the look-aheads are different. So they can be merged 
without causing any conflict. 
Symbol table is the data structure used by the compiler to record variables and their at- 
tributes (like type, scope, etc.) 
The finite state diagram that represents the given transition state table can be found below. 


Fig. 13.5 
You will find that the input string 101 takes you from initial state (4 = 0; B = 0) to the 
state (A = 0; B = 1) with output 1. 
Regular expression is not powerful enough to do syntax analysis. For example, it cannot 
check the well formedness of parenthesis because it doesn’t have the capability to remem- 
ber. Pushdown automaton can be used for lexical analysis but the simpler to implement 
finite state automaton is preferred. 


FIRST(S) = {a,b, £}. 

Because of the productions A > S and B —> S, FIRST(A) = FIRST(S) and FIRST(B) = 
FIRST(S). 

So, options (b) and (d) cannot be correct. 


Because of the production, S — aAbB, anything that can follow S can follow B. So, 
FOLLOW(S) c FOLLOW(B). 


b e FOLLOW(S) because S > aAbB — aSbB. So, b e FOLLOW(B). This invalidates 
option (c). 

FIRST(S) = {a ,b, £} 

So, entry for(S,a) is S 4 aAbB 

Entry for ( S, b) is S > bAaB 

FOLLOW(B) is {a, b, $}. So E3 should be > S 


FOLLOW(S) = {a, b, $}. So the entry, S > € should be included in (S, all the terminals 
in FOLLOW(S)) 


So, El and E2 should include S > € 
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Nondeterministic PDAs are more powerful than deterministic PDAs. So, conversion is not 
possible. 

do is the initial state. q; and q, are the final states. String a is accepted. Option (a) doesn’t 
generate string a. Option (b) generates string b, which is not accepted by the Finite State 
Automaton. Option (d) doesn’t generate string a. 
Some of the strings that are generated by this Finite 
State Automaton are- a, ba, aa, ab, bba, abb, bab, 
abbb, aaa, etc. Analyzing for the commonality among 
these strings, we find that, any string that has at least 
one a is accepted by this Finite State Automaton. 
We don’t need 4 states to design such a Finite State 
Automaton that accepts any string having at least one 
a (and only such strings). A 2-state Finite State Au- 
tomaton that accepts these strings (and these strings 
alone) can be found in the adjacent figure. 


Think in terms of finite state automatons that accept regular sets. They have no capability 
to count and remember. So, they cannot determine if the number of a’s is same as the 
number of b’s, number of a’s is twice the number of b’s, etc. 

Here is the FSA for the language generated by the option I. 


a 
ee 
b 
Fig. 13.7 
Here is the FSA for the language generated by option IV. 


$ a,b 
c ( 
> >| 


Fig. 13.8 
Q does not accept strings ending with 1. So, Q cannot correspond to 3 or 4. 
R does not accept strings ending with 0. So, R cannot correspond to 1 or 2. 
P accepts strings ending with 0 and also strings ending with 1. So, P cannot correspond 
to 2 or 3. 
In the pattern wcw, the first w matches the declaration, the second w matches the first use, 
the c matches the characters between the declaration and the first use. 
Verify that the CFG in S generates palindromes. Note that it only generates palindromes 
whose length is an even number. 
Any shift-reduce parser typically works by shifting entries onto the stack. If a handle is found 
on the top of the stack, it is popped and replaced by the corresponding left hand side of the 
production. If ultimately we have only the starting non-terminal on the stack, when there are 
no more tokens to be scanned, the parsing will be successful. So, it is bottom-up. 
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These optimizations insulate against the architecture of the target machine. 


LR parsing is bottom-up parsing that tries to construct the syntax tree from the leaves. It 
does this by identifying the right-hand side of a production that when replaced by the 
corresponding left hand side eventually leads to the root node. 
A shift-reduce conflict cannot exist in a merged set unless such a conflict already exists in 
at least one of the original LR(1) configuration sets. 
The right-most derivation of the string xxxxyzz is, 

S > XXW > xxSz > XXXXWZ — XXXXSZZ DD XXXXYZZ 
A shift reduce parser, performs the right-most derivation in reverse. So, first it reduces 
the y to S, by the production S — y. As a consequence of this, 2 is immediately 
printed. Next, Sz is reduced to W, by the production W — Sz. So, 3 will be printed. 
Proceeding this way, we get the output string 23131. 
It is because, it is equivalent to recognizing wcw, where the first w is the declaration and 
the second w is its use. wcw is not a CFG. 
Others are bottom-up parsers. 
First draw a deterministic finite state automaton that accepts (000 | 11111)* 
It is given in the figure. 


Fig. 13.9 


Now make it complete (that is, from each state there must be transitions defined for 0 and 
1). In this process, introduce new states (nodes) as and when necessary. You’ll end up 
with a complete deterministic finite state automaton that has 15 states. The 8 new states 
that are required are 

One state representing any string with one 0 and one 1 

One state representing any string with one 0 and two 1’s 

One state representing any string with two 0’s and one 1 

One state representing any string with one 0 and three 1’s 

One state representing any string with two 0’s and two 1’s 

One state representing any string with two 0’s and three 1’s 

One state representing any string with one 0 and four 1’s 


. One state representing any string with two 0’s and four 1’s 


Every regular language is LL(1). Every LL(k) grammar is an LR(k) grammar, though need 
not be an SLR(k) or LALR(k) grammar. 


The given grammar is context-free, unambiguous, and not left recursive. 
S — aB > aaBB — aabB > aabbS — aabbaB — aabbab 

S — aB > aaBB > aabB > aabbS — aabbaB — aabbab 

S — aB > aaBB — aabSB — aabbAB — aabbaB — aabbab 


1. 


2. 
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System 
Software 


Which of the following is/are not assembler directive(s)? 
(a) START (b) LOAD (c) END (d) BYTE 
Which of the following remarks about the assembler are true? 


(a) It translates mnemonic instruction into machine code. 

(b) The instruction formats, addressing modes, etc., are of direct concern in assembler 
design. 

(c) Design of an assembler is independent of the source language. 

(d) Both (b) and (c) are correct. 

A programming language is to be designed to run on a machine that does not have a 

big memory. The language should 


(a) prefer a two-pass compiler to an one-pass compiler 
(b) prefer an one-pass compiler to a two-pass compiler 
(c) prefer an interpreter to a compiler 

(d) not support recursion 


. Which of the following about the loader is/are incorrect? 


(a) Loader brings object program into memory for execution. 

(b) Linkage editors perform linking after loading. 

(c) Dynamic linking schemes delay linking until execution time. 

(d) Absolute loader modifies the object program so that it can be loaded at any address 


location. 
. Two procedures both of which treat the other as a called procedure and itself the callee, 
are called 
(a) master-slave routines (b) sub-sub-routines 


(c) co-routines (d) ambiguous master-slave routines 
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. Choose the true statements about the linkage loaders. 


(a) The input to it consists of a set of object programs that are to be linked together. 
(b) The main data structure needed for linking is an external symbol table. 

(c) Pass 1 assigns addresses to all external symbols. 

(d) Pass 2 performs loading, relocating and linking. 


. Which of the following statements about the macro-processors are incorrect? 


(a) The general features such as macro expansion, use of keyword parameters are machine 
dependent. 

(b) Macro invocation includes the name of the macro being called and the arguments to 
be used. 

(c) Macro definition is also referred to as macro call. 

(d) Macros cannot be nested. 


. Transfer of information to and from the main memory takes place in terms of 


(a) bits (b) bytes (c) words (d) nibbles 
. The output of the lexical analyzer is 

(a) a set of regular expressions (b) syntax tree 

(c) set of tokens (d) string of characters 


An interpreter is preferred over a compiler 

(a) when efficient use of computer resources is the consideration 
(b) during program development phase 

(c) when storage space is to be minimized 

(d) all of the above 

A compiler-compiler is a/an 

(a) compiler which compiles a compiler program 

(b) software tool used in automatic generation of a compiler 

(c) compiler written in the same language it compiles 

(d) another name for cross-compiler 

A compiler which allows only the modified section of the source code to be recompiled 
is called as 


(a) incremental compiler (b) reconfigurable compiler 

(c) dynamic compiler (d) selective compiler 

Which of the following system software resides in main memory always? 

(a) Text editor (b) Assembler (c) Linker (d) Loader 
In a two-pass assembler the pseudo-code EQU is to be evaluated during 

(a) pass 1 (b) pass 2 

(c) not evaluated by the assembler (d) none of the above 


Effective address got by index mode will be the same as that of register indirect mode 
when the index register has the value 
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(a) 0 (b) 1 

(c) -1 (d) can never be the same 

When exceptional situation occurs outside the CPU the H/W signal given is 

(a) reset (b) interrupt (c) hold (d) wait 

The root directory of a disk should be placed 

(a) at a fixed address in main memory (b) at a fixed location on the disk 

(c) anywhere on the disk (d) ata fixed location on the system disk 
Efficient use of addressing modes 

(a) speeds up execution (b) reduces the number of instructions 
(c) reduces the size of instructions (d) none of the above 


The correct sequence of time delays that happen during a data transfer from a disk to 
memory is 

(a) seek time, latency time and transfer time 

(b) seek time, access time and transfer time 

(c) latency time, seek time and transfer time 

(d) latency time, access time and transfer time 

Writing a software in assembly language is preferred to writing in a high level language 
when 

(a) memory space is limited 

(b) optimal use of the available hardware resources is of primary concern 

(c) programmer’s productivity is important 

(d) portability is important 

Which of the following addressing modes support Indexing? 

(a) Relative (b) Memory indirect (c) Immediate (d) Direct 
Which of the following are the advantages of 2’s complement over 1’s complement? 
(a) Easy to implement using digital components 

(b) Subtraction can be done by a single addition 

(c) It has only one zero 

(d) All of the above 

Pick the functions that are completely performed in pass 1. 

(a) Processing of DB pseudo-op (b) Updating the location counter 
(c) Processing of EQU pseudo-op (d) Processing of DS pseudo-op 
Pick the functions that are performed in pass 2. 

(a) Creating the proper address mode using the base table 

(b) Updating the location counter 


(c) Processing of EQU pseudo-op 
(d) Generation of object code using machine operation table 
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Pick the correct statement(s) about LTORG. 

(a) It is a pseudo-op. 

(b) It is used to load the object program at some specified memory location that is given 
in the operand field. 

(c) Itis used to place the literals definition in a specified memory location that is given 
in the operand field. 

(d) It creates a literal pool that contains all the literal operands used since the previous 
LTORG. 


Pick the machine independent phase(s) of the compiler. 

(a) Syntax analysis (b) Code generation 

(c) Lexical analysis (d) Intermediate code generation 

Which of the following statement(s) about loading is/are true? 

(a) Modification records are used for specifying program relocation in relative addressing 
mode instructions. 


(b) Modification records are best suited for specifying program relocation in direct ad- 
dressing and fixed instruction format. 


(c) Text record uses a relocation bit associated with each word of the object code in direct 
addressing and fixed instruction format. 


(d) Modification records are best suited for relative addressing mode 
Pick the machine-dependent operating system features. 


(a) Interrupt processing (b) File processing 
(c) Process scheduling (d) Job scheduling 
Pick the machine independent operating system features. 

(a) I/O supervision (b) File processing 
(c) Management of real memory (d) Job scheduling 


Pick the machine independent step(s) that can be used to optimize the memory require- 
ment of a program. 

(a) Eliminating loop invariant computations 

(b) Code hoisting 

(c) Elimination of common sub-expressions 

(d) Register allocation strategies 

What interrupt is generated when an attempt to divide by zero is made? 


(a) Supervisor call interrupt (SVC) (b) Program interrupt 
(c) I/O interrupt (d) Timer interrupt 
Pick the class of interrupt with the highest priority. 

(a) Supervisor call interrupt (SVC) (b) Program interrupt 
(c) I/O interrupt (d) Timer interrupt 


Pick the class of interrupt with the lowest priority. 
(a) Supervisor call interrupt (SVC) (b) Program interrupt 
(c) I/O interrupt (d) Timer interrupt 
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34. The delay between job submission and job completion is called 
(a) turnaround time (b) in-process time 
(c) response time (d) waiting time 

35. Which of the following techniques is preferable for transferring large amount of data 
to and from a memory in a short time? 


(a) Programmed I/O (b) Interrupt-driven I/O 

(c) DMA (d) None of the above 
36. Privileged instructions can be executed 

(a) only in monitor mode (b) only in user mode 

(c) both in user and monitor mode (d) none of the above 


37. The first pass of a simple two-pass assembler 
(a) allocates spaces for the literals 
(b) computes the total length of the program 
(c) builds the symbol table for the symbols and their values 
(d) generates code for all the load and register instructions 
38. The ideal choice for interrupt oriented applications is 
(a) Z-80 (b) Motorola-6800 (c) 8085 (d) 8008 
*39. Choose the correct statement. 
(a) Any software can be simulated by hardware. 
(b) Any hardware can be simulated by software. 
(c) Firmware is nothing but hardware implementation of software. 
(d) Firmware is nothing but software implementation of hardware. 
40. Which of the following is always true? 
(a) A compiled program uses more memory than an interpreted program. 
(b) A compiler converts a program to a lower level language for execution. 
(c) A compiler takes less memory than an interpreter. 
(d) Compiled programs take more time for execution than interpreted programs. 
41. In a two-pass assembler, the object code generation is done during the 
(a) second pass (b) first pass 
(c) zeroeth pass (d) none of these 
42. In a two-pass assembler, adding literals to literal table and address resolution of local 
symbols are done during 


(a) first pass and second pass respectively (b) second pass 
(c) second pass and first pass respectively (d) first pass 
43. The data transfer rate of a double density floppy disk system is about 
(a) 5 Kbits/s (b) 50 Kbits/s (c) 500 Kbits/s (d) 5000Kbits/s 


44. A linker is given object modules for a set of programs that were compiled separately. What 
information need not be included in an object module? 


45. 


46. 
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(a) Object code 

(b) Relocation bits 

(c) Names and locations of all external symbols defined in the object module 
(d) Absolute addresses of internal symbols 


Generation of intermediate code based on an abstract machine model is useful in compil- 
ers because 


(a) it makes implementation of lexical and syntax analysis easier 
(b) syntax-directed translations can be written for intermediate code generation 
(c) it enhances the portability of the front end of the compiler. 


(d) itis not possible to generate code for real machines directly from high level language 
programs 

Choose the correct statement(s). 

(a) In assembly language programs, a macro definition cannot appear within another 
macro definition. 


(b) Overlaying is used to run a program which is longer than the address space of a 
computer. 


(c) Virtual memory can be used to accommodate a program which is longer than the ad- 
dress space of a computer. 

(d) It is possible to write interrupt service routines in a high level language. 

A software is to be developed for a system which has a small memory. The software 

should 

(a) use recursion wherever possible (b) avoid using recursion 

(c) use macros instead of functions (d) not use macros instead of functions 


The next three questions are based on the following memory configuration. 


ADDRESS VALUE 
1 5 Register R 
3 


*48. 
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ADD 6 (immediate) TO R(indirect) gives the value 

(a) 20 (b) 7 (c) 10 (d) 13 

If the effective address of X is got by auto-increment mode and the effective address of 
Y by auto-decrement mode then the instruction ADD X TO Y, gives the value 

(a) 16 (b) 14 (c) 20 (d) 10 

If the instruction ADD A TO B gives 16, then the addressing mode for A, B will be 
(a) register(direct) and auto-increment indirect respectively 


(b) register(indirect) and auto-increment indirect respectively 
(c) register(direct) and auto-increment direct respectively 
(d) register(indirect) and auto-increment direct respectively 
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In a two-pass compiler, the space occupied by the first pass can be used by the second 
pass. Since an interpreter translates and executes one line at a time, it is less complex 
than a compiler. So, it should occupy less space. Recursion needs run-time stack whose 
size changes dynamically and often increases exponentially with respect to the associ- 
ated parameter. 


. The input to the lexical analyzer is the stream of characters sent by the preprocessor. 


The lexical analyzer groups these characters into units that can be treated as a single 
logical entity (called tokens) and outputs them. 

Some resources, like the I/O devices are not needed in the translation phase. Some 
resources are not needed in the execution phase. Since the interpreter translates and 
executes line by line, it uses both the resources needed in the translation phase and 
the execution phase. So, there will be lot of waiting involved and hence the resources 
will not be efficiently used. 

During program development phase, there will be repeated debugging. Since the inter- 
preter quickly responds to the code changes than a compiler, it is desirable. 

These are tools that can be used to automatically generate modules of a compiler. For 
example, YACC (Yet Another Compiler Compiler) generates the parser when the syntax 
of the language, in the form of CFG, is given as input. 

In fact software and hardware are logically equivalent. The function of the hardware can 
be simulated by the software and the function of the software can be simulated by the 
hardware. 
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Each time a macro is called, it will be expanded. This increases the source code size. 
Using functions instead of macros increases the execution time because of the function 
call overhead but the size of the source code will not increase. 

This adds 6 and the value present in address 5, that is 7. 

Effective address of X is 5. So the value of X is 7. Immediately the contents 
of the register will be incremented to 6. For finding the effective address of 
Y using autodecrement mode, the current contents of the register will be dec- 
remented, and the decremented value will be the effective address. In this 
case the effective address of Y will be 6- 1 =5, which has the value 7. So, 
ADD X TO Y, adds 7 to 7. 

Value of A will be 5, if register (direct) mode is used. Effective address of B will be 7, if 
auto-increment indirect mode is used. The value of B will be 11 and ADD A TO B, is 
ADD 5 TO 11, which is 16. 


"R 
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A company needs to develop a strategy for software product development for which 
it has a choice of two programming languages L, and L,. The number of lines of code 
(LOC) developed using L, is estimated to be twice the LOC developed with L,. The 
product will have to be maintained for five years. Various parameters for the company 


are given in the table below. (GATE 2011) 
Parameter Language L, Language L, 
Man years needed for development LOC/10000 LOC/10000 
Development cost per man year Rs 10,00,000 Rs 7,50,000 
Maintenance time 5 years 5 years 
Cost of maintenance per year Rs 1,00,000 Rs 50,000 


Total cost of the project includes cost of development and maintenance. What is the 
LOC for L, for which the cost of the project using L, is equal to the cost of the project 
using L,? 

(a) 4000 (b) 5000 (c) 4333 (d) 4667 


A company needs to develop digital signal processing software for one of its newest 
inventions. The software is expected to have 40000 lines of code. The company needs 
to determine the effort in person-months needed to develop this software using the 
basic COCOMO model. The multiplicative factor for this model is given as 2.8 for the 
software development on embedded systems, while the exponentiation factor is given 


as 1.20. What is the estimated effort in person-months? (GATE 2011) 
(a) 234.25 (b) 932.50 (c) 287.80 (d) 122.40 

Which one of the following is NOT desired in a good Software Requirement Specifica- 
tions (SRS) document? (GATE 2011) 


(a) Functional requirements 

(b) Non-functional requirements 

(c) Goals of implementation 

(d) Algorithms for software implementation 
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Common Data for Questions 4 and 5: 


The procedure given below is required to find and replace certain characters inside an 
input character string supplied in array A. The characters to be replaced are supplied in 
array oldc, while their respective replacement characters are supplied in array newc. 
Array A has a fixed length of five characters, while arrays oldc and newc contain 
three characters each. However, the procedure is flawed. 
void find _and_replace (char *A, char *oldc, char *newc) { 
for (int i=0; i<5; i++) 
for (int j=0; 4<3; J++) 
if (A[i] == olde [j]) Ali] = newc [j]; 


} 
The procedure is tested with the following four test cases. 


(1) oldc = "abc", newc = "dab" 
(2) oldc = "cde", newc = "bcd" 
(3) oldc = "bca", newc = "cda" 
(4) oldc = "abc", newc = "bac" 


*4, The tester now tests the program on all input strings of length five consisting of charac- 
ters'a', 'b', 'c', 'd' and 'e' with duplicates allowed. If the tester carries 
out this testing with the four test cases given above, how many test cases will be able 


to capture the flaw? (GATE 2013) 
(a) Only one (b) Only two (c) Only three (d) All four 

*5. If array A is made to hold the string "abcde", which of the above four test cases will 
be successful in exposing the flaw in this procedure? (GATE 2013) 
(a) None (b) 2 only (c) 3 and 4 only (d) 4 only 


6. Design phase includes 
(a) data, architectural and procedural designs only 
(b) architectural, procedural and interface designs only 
(c) data, architectural and interface designs only 
(d) data, architectural, interface and procedural designs 


The next five questions are based on the information furnished below. 


In a particular program, it is found that 1% of the code accounts for 50% of the 
execution time. To code the program in FORTRAN, it takes 100 man-days. Coding in 
assembly language is 10 times harder than coding in FORTRAN, but runs 5 times faster. 
Converting an existing FORTRAN program to an assembly language program is 4 times 
harder. 


*7. To completely write the program in FORTRAN and rewrite the 1% code in assembly 
language, if a project team needs 13 days, the team consists of 


(a) 13 programmers (b) 10 programmers 


100 
(c) 8 programmers (d) Ja programmers 
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If 99% of the program is written in FORTRAN and the remaining 1% in assembly lan- 
guage, the percentage increase in the programming time compared to writing the entire 
program in FORTRAN and rewriting the 1% in assembly language is 

(a) 10 (b) 5 (c) 13 (d) 8 

If the entire program is written in FORTRAN, the percentage increase in the execution 
time, compared to writing the entire program in FORTRAN and rewriting the 1% in 
assembly language is 

(a) 0.9 (b) 8 (c) 0.8 (d) 9 

If 99% of the program is written in FORTRAN and the remaining 1% in assembly lan- 
guage, the percentage increase in the execution time, compared to writing the entire 
program in FORTRAN and rewriting the 1% in assembly language is 

(a) 0.9 (b) 1 (c) 0.1 (d) 0 

If a weightage of 3 is given to the programmers effort and a weightage of 2 is given to 
the execution time, then coding 99% in FORTRAN and the 1% in assembly language 
performs better than coding in FORTRAN completely and rewriting the 1% in assembly 
language by a factor of about 


(a) 1.5 (b) 1.2 

(c) 1.1 (d) it does not perform better 
Data structure suitable for the application is discussed in 

(a) data design (b) architectural design 

(c) procedural design (d) interface design 

Design phase will usually be 

(a) top-down (b) bottom-up 

(c) random (d) centre fringing 

Assertions are conditions which are__ true at the point of execution. 

(a) always (b) sometimes (c) many times (d) never 


Assuming the existence of a start and end nodes for a program graph, the total 
number of paths is equivalent to the set of test data required to test the software. 


(a) minimum (b) maximum (c) optimum (d) supremum 
Let M be a node that represents a if-then-else node in a Program Graph. Let the 
number of paths from its if part to the end node is y, and from the else part to 
the end node is z . If the number of paths from the start node to the node Mis x, 
then the total number of paths through M is 
(a) xy+z (b) xz+y (c) xt ytz (d) xO +z) 
If X is a case statement in a Program Graph with n cases instead ofan if-then-else 
statement in the previous question with each case leading to only one path to end 
node, total number of paths through X is 

(a) x+n (b) x” (c) xlog(n) (d) xn 
Structured programming codes include 


(a) sequencing (b) alteration 
(c) iteration (d) multiple exit from loops 


Software Engineering 431 


*19. The following is a comment written for a C function: 
/* This function computes the roots of a quadratic equation 
a.x*2 + Dex + c = 0. The functio 


in *rootl and *roo 


t2 and returns 


of roots. It hand] 


n stores two real roots 
the status of validity 


les four different kinds of cases. 


(i) When coefficient a is zero irrespective of discriminant 


(ii) When discriminant is posi 
(iii) When discriminant is 
(iv) When discriminant is nega 


Only in cases (ii) 


and (iii), the 


Zero 


tive 


tive. 


stored roots are valid. 


Otherwise 0 is stored in the roots. The function returns 


0 when the roots are valid and 


The function also 


ensures rootl 


-1 otherwise. 
>= root2. 


int get _QuadRoots (float a, float b, float ©, 
float *root2); 


float *rootl, 


Pot 


A software test engineer is assigned the job of doing black-box testing. He comes up 
with the following test cases, many of which are redundant. 


Input Set 


Expected Output Set 


A a RE AERE 


rae ao 


Which one of the following options provides the set of non-redundant tests using 
equivalence class partitioning approach from input perspective for black-box testing? 


(a) T1, T2, T3, T6 
(c) T2, T4, T5, T6 


(b) 
(d) 


(GATE 2011) 
T1, T3, T4, T5 
T2, T3, T4, T5 


20. Which of the following types of maintenance takes the maximum chunk of the total 
maintenance effort in a typical life cycle of a software product? 


(a) Adaptive maintenance 
(c) Preventive maintenance 


(b) 
(d) 


Corrective maintenance 
Perfective maintenance 


*21. Match the problem domains in GROUP I with the solution technologies in GROUP II. 


(GATE 2013) 
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GROUP I GROUP II 
(P) Service oriented computing (1) Interoperability 
(Q) Heterogeneous communication systems (2) BPMN 
(R) Information representation (3) Publish-find-bind 
(S) Process description (4) XML 
(a) P-1, Q-2, R-3, S-4 (b) P-3, Q-4, R-2, S-1 
(c) P-3, Q-1, R-4, S-2 (d) P-4, Q-3, R-2, S-1 


One way to improve readability in coding is to 

(a) avoid goto statements 

(b) name variables and functions according to their use 
(c) modularize the program 

(d) none of the above 

The data flow model of an application mainly shows 

(a) the underlying data and the relationship among them 
(b) processing requirements and the flow of data 

(c) decision and control information 

(d) communication network structure 


According to Brooks, if n is the number of programmers in a project team then the 
number of communication paths is 

=4 +1 
Gj e ) (b) nlogn (c) n a “= e ) 


The extent to which the software can continue to operate correctly despite the introduc- 
tion of invalid input is called as 


(a) reliability (b) robustness (c) fault-tolerance (d) portability 
If the number of conditions in a decision table is n, the maximum number of rules (col- 
umns) possible is 


(a) n (b) 2n (c) 2” (d) logn 
Which of the following statements are not true? 

(a) Content coupling in a module is desirable. 

(b) Logical cohesion in a module is desirable. 

(c) Stamp coupling is preferred over functional coupling. 
(d) None of these. 

Configuration management is not concerned with 

(a) controlling changes to the source code 

(b) choice of hardware configuration for an application 
(c) controlling documentation changes 

(d) maintaining versions of software 


The following figure represents access graphs of two modules M1 and M2. The filled 
circles represents methods and the unfilled circles represent attributes. If method m is 
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moved to module M2 keeping the attributes where they are, what can we say about the 
average cohesion and coupling between modules in the system of two modules? 
(GATE 2013) 


Module M1 Module M2 


Fig. 15.1 

(a) There is no change. 

(b) Average cohesion goes up but coupling is reduced. 

(c) Average cohesion goes down and coupling also reduces. 

(d) Average cohesion and coupling increase. 

According to PUTNAM, project effort is inversely proportional to the fourth power of 

development time. Doubling the development schedule for a 100 Person-Month(PM) 

project would reduce the project effort to 

(a) 50 PM (b) 7.16 PM (c) 25 PM (d) 6.25 PM 

The coupling between different modules of a software is categorized as follows: 
(GATE 2009) 

I. Content coupling I. Common coupling 

II. Control coupling IV Stamp coupling 

V. Data coupling 

Coupling between modules can be ranked in the order of strongest (least desirable) to 

weakest (most desirable) as follows: 

(a) I-H-HI-IV-V (b) V-IV-II-H-I 

(c) I-HI-V -II-IV (d) IV-II-V -MI-I 

Which of the following is an assertion? 

(a) P is TRUE, P AND Q are TRUE and K OR NOT (Q) is TRUE implies K is TRUE. 

(b) P is TRUE, P AND Q are TRUE and K OR NOT (Q) is TRUE implies K is FALSE. 

(c) P is TRUE, P AND Q are FALSE and K OR NOT (Q) is TRUE implies K is TRUE. 

(d) P is TRUE, P AND Q are TRUE and K OR NOT (K) is TRUE implies K is TRUE. 

A program P calls two subprograms P1 and P2. P1 can fail 50% times and P2 can fail 

40% times. The program P can fail 

(a) 50% (b) 60% (c) 10% (d) 70% 

The probability of success of two modules in unit testing is 0.9 each. The probability 

of success of integration testing is 0.9. The joint probability of success is 

(a) 0.9 (b) 0.81 (c) 0.729 (d) 0.1 
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Which of the following graph theory concept will be useful in software testing? 
(a) Cyclomatic number (b) Hamiltonian circuit 

(c) Eulerian cycle (d) None of these 

If a decision table has 3 variables and 3 rules then 

(a) specification may not be complete (b) design could be faulty 

(c) coding will be incorrect (d) all of these 


Which of the following statements are TRUE? 
I. The context diagram should depict the system as a single bubble. 

II. External entities should be identified clearly at all levels of DFDs. 

III. Control information should not be represented in a DFD. 

IV. A data store can be connected either to another data store or to an external entity. 
(GATE 2009) 

(a) II and II (b) I, II and IV (c) I and HI (d) I, II and III 

In unit testing of a module, it is found that for a set of test data, at the maximum 90% 

of the code alone were tested with the probability of success 0.9. The reliability of the 

module is 


(a) greater than 0.9 (b) equal to 0.9 
1 

c) at most 0.81 d) at least —— 

(c) (d) 081 


Which of the following testing methods is normally used as the acceptance test for a 
software system? 


(a) Regression testing (b) Integration testing 

(c) Unit testing (d) Functional testing 

A computer program can often be a very satisfactory ___—of a physical system such 
as road traffic conditions. 

(a) solution (b) replacement (c) simulation (d) model 
What is the appropriate pairing of items in the two columns listing various activities 
encountered in a software life cycle? (GATE 2010) 
P. Requirements capture 1. Module development and integration 
Q. Design 2. Domain analysis 

R. Implementation 3. Structural and behavioral modeling 
S. Maintenance 4. Performance tuning 

(a) P-3, Q-2,R-4,S-1 (b) P-2, Q-3,R-1,S-4 

(c) P-3, Q-2,R-1,S-4 (d) P-2, Q-3,R-4,S-1 


On an average, the programmer months is given by 3.6 x (KDSI)!”. If so, a project 
requiring one thousand source instructions will require 


(a) 3.6 PM (b) 0.36 PM (c) 0.0036 PM (d) 7.23 PM 
Software testing techniques are most effective if applied immediately after 

(a) requirement specification (b) design 

(c) coding (d) integration 
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The following program is to be tested for statement coverage: 
(GATE 2010) 
begin 
if (a == b) {S1l; exit; } 
else if (c == d) {S2;} 


else {S3; exit; } 
S4; 
end 


The test cases 71, 72, T3 and 74 given below are expressed in terms of the properties 
satisfied by the values of variables a, b, c and d. The exact values are not given. 


Tl : a, b, c and d are all equal 

T2 : a, b, c and d are all distinct 

T3 :a=b andc != d 

T4 :a!=bandc=d 

Which of the test suites given below ensures coverage of statements S1, $2, S3 and 
S4? 

(a) T1, T2, T3 (b) T2, T4 (c) T3, T4 (d) T1, T2, T4 


The cyclomatic complexity of each of the modules A and B shown below is 10. What is 
the cyclomatic complexity of the sequential integration shown on the right hand side? 

Y 

A 

[=] 

Y 

B 

Y 

Fig. 15.2 

(a) 19 (b) 21 (c) 20 (d) 10 
In object-oriented design of software, objects have 
(a) attributes and name only (b) operations and name only 
(c) attributes, name and operations (d) none of the above 


The reliability of a program be 0.8. The reliability of an equivalent program (ie., another 
program that serves the same purpose) is 0.9. The probability that both the programs 
give the wrong result for the same input is 

(a) 0.72 (b) 1.7 (c) 0.1 (d) 0.02 

The program volume of a source code that has 10 operators including 6 unique opera- 
tors and 6 operands including 2 unique operands is 

(a) 48 (b) 120 

(c) 720 (d) insufficient data 
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*49. To increase reliability, fault tolerance is included in the system in the form of multiple 


1. b 2a 3. d . b 
See 6. d 7. ¢ . b 
9.¢ 10. d ll. d 12. a 
13. a 14. a 15. a 16. d 
17. d 18. a, b, c 19. c 20. d 
21. c 22. a,b,c 23. b 24. a 
25. b 26. c 27. a, b,c 28. b 
29. a 30. d 31. a 32. a 
33. d 34. c 35. a 36. a 
37. d 38. č 39. d 40. c 
41. b 42. a 43. b 44. d 
45. a 46. c 47. d 48. a 
49. b 


modules. If the problem can be solved by 5 different modules, each with probability of 
success 0.7, the probability that it can be solved even if 4 modules fail is approximately 


(a) 0.3 (b) 0.03 (c) 0.49 (d) 0.05 


mn 


1. Let x be the LOC 


Total cost of L, = (x/10000)*10,00,000 + 5,00,000 
Total cost of L, = (2x/10000)*7,50,000 + 2,50,000 
For both costs to be equal, 

100x + 5,00,000 = 150x + 2,50,000 

Solving, x = 5000 


. Effort = a x (KLOC)’, where KLOC is the kilo Lines of Code 


= 2.8 x 40!? = 234.223 


. Algorithms for software implementation should be discussed in the technical design 


phase. 


. Test cases (3) and (4) expose the flaw. Mentally driving the execution, it is easy to 


conclude that, 
e test case (1) gives the desired output — “dabde” 
e test case (2) gives the desired output — “abbcd” 
e test case (3) gives the output — “addde” whereas the desired output is “acdde” 
e test case (4) gives the output — “aacde” whereas the desired output is “bacde” 
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The flaw is exposed whenever a character is replaced by a different character, and this 
replaced character is replaced by another character. 


. Refer to the explanation of the previous question. 
. Writing the whole program in FORTRAN takes 100 man-days. Rewriting the 1% code 


takes 4 man-days. Altogether 104 man-days. If it is completed in 13 days, 104/13 = 8 
men should be involved. 


. The first case takes 99 + 10 = 109 man-days. The second case takes 100 + 4 = 104 


man-days. The required percentage is (109 — 104) x 100/100 = 5. 


. Let the first case takes 100 units of time to execute. The second case will take 99 + 


(1/5) units of time, as coding the 1% in assembly language will take 1/5 units of time. 
Hence the required percentage is 0.8 x 100/100 = 0.8. 

In both the cases, the final program will have the same 99% of the code in FORTRAN 
and the remaining 1% in assembly language. Hence the execution time will remain the 
same. 

There are x number of paths from the root node to the node M. Since the node M 
represents a if-then-else statement, it can evaluate to true or false. So the total 
number of paths will be x(y+z). 

T, and T, both cover the case when a = 0. So, one of them is redundant. So, Option (A) 
is not right. T, and T, both cover the case when the discriminant is 0. So, one of them 
is redundant. So, options (B) and (D) are not right. 

BPMN (Business Process Model and Notation) is a graphical way of describing business 
processes. 

As such, coupling exists in the form of two dependencies. 

Moving m from M1 to M2, decouples M2 from M1 but creates two. So there is no 
change to the coupling between these two modules though the nature of the coupling 
has changed. 

Doubling the developing time reduces the project effort by a factor of 2* = 16. So, the 
project effort will be 100/16 = 6.25 PM. 

The worst-to-best ranking for cohesiveness is coincidental, logical, temporal, procedural, 
communication, sequential, and functional. 

P is true, P AND Q is TRUE implies Q is also true. Now K OR NOT (Q) is TRUE 
implies K is true because at least one should be true. Since NOT (Q) is false, K must 
be true. 

1 - (1 - 0.5) (1 — 0.4) = 0.7. 

Using probability theory, the joint success depends upon both the modules success and 
the integration success. As all these things happen independently, the total success is 
the product of their probabilities. 

DFD is not a flowchart. No control information should be depicted. 

External entities and the interaction with the external entries should be identified clearly 
at all levels of DFDs. Higher the level, more detailed the interaction. This is more a 
“standard practice” than a rule though. 
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. Since only 90% code alone is tested and that too with 90% of success, the reliability 
will be at most 0.81. It may increase or decrease if some more set of test data is given 
for testing the rest of the code. However, now the reliability is 0.81 only. 

Strictly speaking, performance tuning is not a post-implementation activity. It should 
be addressed during the design and implementation phases of the SDLC (Software 
Development Life Cycle). 


42. Here KDSI (Kilo Delivered Source Instructions) is 1. So, 3.6 x 11? PM. 
44. Test case T1 covers statement S1 only. 
Test case T2 covers statement S3 only. 
Test case T3 covers statement S1 only. 
Test case T4 covers statements $2 and S4. 
For complete coverage, test cases T1, T2, and T4 need to be executed. 
45. Let N, be the number of nodes in A. Let E} be the number of edges in A. The cyclomatic 
complexity of A is, E; — N; + 2. Given that E - N, + 2 = 10. 
Let N, be the number of nodes in B. Let £, be the number of edges in B. The cyclomatic 
complexity of B is, E, — N, + 2. Given that E, — N, + 2 = 10. 
The cyclomatic complexity of the sequentially integrated component would be, 
(The number of edges in it) — (The nodes in it) + 2. 
The number of edges is E, + E, + 1 
The number of nodes is VN, + N, 
So the cyclomatic complexity of the sequentially integrated component is, 
(E, + E, + 1)-(N, + No) +2 = (E, - Ny) + (E-N) +3 =84+84+3= 19. 
49, Using binomial distribution, it is "c,p"q" “. Here n = 5, x = 1, p = 0.7 and q = 1-p=0.3. 


Substituting we get 0.02835. 


. Protocols are 

(a) agreements on how communication components and DTE’s are to communicate 
(b) logical communication channels used for transferring data 

(c) physical communication channels used for transferring data 

(d) none of the above 


. The method of communication in which transmission takes place in both directions, 
but only in one direction at a time is called 


(a) simplex (b) four wire circuit 
(c) full duplex (d) half duplex 
. Error detection at the data link level is achieved by 
(a) bit stuffing (b) cyclic redundancy codes 
(c) Hamming codes (d) equalization 


. Which of the following is a wrong example of a network layer? 

(a) Internet Protocol (IP)-ARPANET 

(b) X.25 Packet Level Protocol (PLP)-ISO 

(c) Source routing and domain naming-USENET 

(d) X.25 level 2-ISO 

. The topology with highest reliability is 

(a) bus topology (b) star topology (c) ring topology (d) mesh topology 


. baud means 


(a) the number of bits transmitted per unit time 
(b) the number of bytes transmitted per unit time 
(c) the rate at which the signal changes 

(d) none of the above 
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. Start and stop bits are used in serial communication for 


(a) error detection (b) error correction 
(c) synchronization (d) slowing down the communication 


. Unmodulated signal coming from a transmitter is known as 


(a) carrier signal (b) baseband signal 

(c) primary signal (d) none of the above 

Manchester code is a 

(a) bipolar code (b) non return to zero code 

(c) unipolar code (d) none of the above 

Pick the incorrect statements. 

(a) Another name for primary/secondary protocol is master/slave. 

(b) Peer to peer protocol provides equal status to all sites on the channel. 

(c) Priority, non-priority types come under master/slave protocol. 

(d) TDM is a primary/secondary non-priority system. 

Pick the correct statements. 

(a) A switched circuit is a dial-up circuit that may encounter blockage (busy signal). 

(b) Non switched leased line supports higher data volume and quality than switched 
lines. 

(c) Non switched lines are expensive for high volume data. 

(d) Switched circuit provides faster response time. 

Pick the incorrect statements that pertain to error retransmission used in continuous ARQ 

method. 

(a) Go-back-N method requires more storage at the receiving site. 

(b) Selective Repeat involves complex login than Go-back-N. 

(c) Go-back-N has better line utilisation. 

(d) Selective Repeat has better line utilisation. 

In the carrier sense network if the prevailing condition is a ‘channel busy’, then which 

of the following are correct? 

(a) If the technique used is non-persistent then it results in randomised wait and sense. 

(b) If the technique used is 1-persistent then the channel is continually sensed. 

(c) If the technique used is p-persistent then randomised retransmission is done. 

(d) If the method used is non-persistent then continuous sensing results. 

Which of the following are non-polling systems? 

(a) TDMA (b) Stop and Wait 

(c) Xon/Xoff (d) Continuous ARQ 

Pick the systems that can be used in both priority and non-priority modes. 

(a) TDM (b) Register insertion 

(c) Carrier sense systems (d) Token passing 
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How many characters per sec (7 bits + 1 parity) can be transmitted over a 2400 bps line 
if the transfer is synchronous (1 start and 1 stop bit)? 


(a) 300 (b) 240 (c) 250 (d) 275 


How many characters per sec (7 bits + 1 parity) can be transmitted over a 2400 bps line 
if the transfer is asynchronous (1 start and 1 stop bit)? 
(a) 300 (b) 240 (c) 250 (d) 275 
Match the following 
1. Session layer (i) connects DCE into physical channel 
2. Transport layer (ii) provides end to end accountability 
3. Application layer (iii) provides organised means to exchange 
data between users. (like synchronisation 
points) 


4. MDI (Medium Dependent Interface) (iv) supports an end user process and 
performs required file transfer. 


(a) 1-(i1i), 2-(iv), 3-(i1), 4-(4) 
(b) 1-(iii), 2-(i1), 3-(iv), 4-(1) 
(c) 1—-(11), 2-(iv), 3-(1), 4—(iii) 
(d) 1-(iv), 2—-(iii), 3-(11), 4-(1) 


The Hamming distance between 001111 and 010011 is 

(a) 1 (b) 2 (c) 3 (d) 4 
BSC is a 

(a) character oriented protocol (b) bit-oriented protocol 
(c) full-duplex protocol (d) half-duplex protocol 
HDLC is 

(a) bit oriented (b) code transparent 

(c) code dependent (d) none of the above 

Bit stuffing refers to 


(a) inserting a ‘0’ in user data stream to differentiate it with a flag 

(b) inserting a ‘0’ in flag stream to avoid ambiguity 

(c) appending a nibble to the flag sequence 

(d) appending a nibble to the user data stream 

Choose the correct statement(s). 

(a) Baseband network uses analog technology. 

(b) Baseband network is Time Division Multiplexed. 

(c) Broadband network uses digital technology. 

(d) In broadband network, the carrier signals operate at lower frequency. 
In Ethernet CSMS/CD, the special bit sequence transmitted by media access management 
for collision handling is called 

(a) preamble (b) postamble 

(c) jam (d) none of the above 
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Adaptive or dynamic directory used in packet routing changes 
(a) within each user session (b) with each user session 
(c) at system generation time only (d) both (a) and (b) 


The method of network routing where every possible path between transmitting and 
receiving DTE is used is called 

(a) random routing (b) packet flooding 

(c) directory routing (d) message switching 


Which one of the following network uses dynamic or adaptive routing? 

(a) TYMNET 

(b) ARPANET 

(c) SNA (IBM’s System Network Architecture) 

(d) None of the above 

The number of cross point needed for 10 lines in a cross point switch which is full 

duplex in nature and there are no self-connection is 

(a) 100 (b) 45 (c) 50 (d) 90 

A terminal multiplexer has six 1200 bps terminals and ‘n’ 300 bps terminals connected 

to it. The outgoing line is 9600 bps. What is the maximum value of n? 

(a) 4 (b) 16 (c) 8 (d) 28 

The difference between a multiplexer and a statistical multiplexer is: 

(a) Multiplexers use TDM (time division multiplexing), while statistical multiplexer 
uses FDM (frequency division multiplexing). 

(b) Multiplexers often waste the output link capacity, while statistical multiplexers 
optimize its use. 

(c) Statistical multiplexers need buffers while multiplexers do not need buffers. 

(d) Multiplexers use the X.25 protocol, while statistical multiplexers use the ALOHA 


protocol. 
A modem constellation diagram has data points at (0, 1) and (0, 2). What type of 
modulation does the modem use? 
(a) Phase modulation (b) Amplitude modulation 
(c) Both (a) and (b) (d) None of the above 


Write the differential Manchester code for the given sketch: 


1 | o | o | o | a ! o | 4 | 14 | 1 
1 
| 
| 
| 


Fig. 16.1 
(a) 111100101 (b) 100010111 (c) 101001111 (d) 101001101 
Maximum data rate of a channel for a noiseless 3-kHz binary channel is 
(a) 3000 bps (b) 6000 bps 


(c) 1500 bps (d) none of the above 
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The maximum data rate of a channel of 3000-Hz bandwidth and SNR of 30 dB is 

(a) 15,000 bps (b) 60,000 bps (c) 20,000 bps (d) 3,000 bps 

In time division switches if each memory access takes 100 ns and one frame period is 
125 us, then the maximum number of lines that can be supported is 

(a) 625 lines (b) 1250 lines (c) 2300 lines (d) 318 lines 

If the bit string 0111101111101111110 is subjected to bit stuffing for the flag string 
01111110, the output string is 

(a) 011110111110011111010 (b) 01111011111011111100 

(c) 01111011111011111010 (d) 0111101111101111110 
End-to-end connectivity is provided from host-to-host in 

(a) the network layer 

(b) the transport layer 

(c) the session layer 

(d) it is a combined functionality of the network and the data link layer. 

Pick the correct statements. 


(a) In connection-oriented service, the destination address is to be specified only during 
the setup. 


(b) Initial set-up is not possible in connectionless service. 
(c) Packet sequencing is not guaranteed in connection-oriented service. 
(d) Initial set-up is required for connectionless service. 


The next three questions are based on the following diagram that represents 
shortest path adaptive routing. 


FD NN OD 

A 

B 

C 

E 

F 

G 

Fig. 16.2 
FD is the final destination; NN is the next node; OD is the overall delay. d 


39. 


40. 


In the above figure the routing table model is given for the node ‘D’. Find out the fol- 
lowing. 

The entry for NN if FD is node B is 

(a) E (b) C 

(c) G (d) none of the above 

The entry of OD for the above case is 

(a) 6 (b) 14 (c) 4 (d) 3 
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The OD if FD is node A is 

(a) 6 (b) 9 (c) 13 (d) 7 

Pick the correct statements about flooding. 

(a) It is a type of isolated routing. 

(b) It is a method in which every incoming packet is sent out on every outgoing line 
except the one by which it arrived. 

(c) Flooding does not always select the shortest path 

(d) Selective flooding is a type in which the packets are sent to those lines that are going 
approximately in the right direction. 

The parameter which gives the probability of the transport layer itself spontaneously 

terminating a connection due to internal problems is called 


(a) protection (b) resilience 
(c) option negotiation (d) transfer failure 
The measures the number of lost or garbled messages as a fraction of the total 


sent in the sampling period. 

(a) Residual Error rate 

(b) Transfer failure probability 

(c) Connection release failure probability 

(d) Connection establishment failure probability 


In session layer, during data transfer, the data stream responsible for the control 
purpose (i.e. control of the session layer itself) is 


(a) regular data (b) typed data (c) capability data (d) expedited data 


next three questions are based on Huffman’s coding for the symbol A with 
probability 0.3, B with 0.15, C with 0.1, D with 0.25 and E with 0.2. 


The minimum number of bits required to represent B is 

(a) 1 (b) 2 (c) 3 (d) 4 

The minimum number of bits required to represent all the symbols together is 
(a) 14 (b) 11 (c) 12 (d) 15 

The average code length of the given problem is 

(a) 2 (b) 2.25 (c) 2.45 (d) 3 


In cryptography, the following uses transposition ciphers and the keyword is LAYER. 
Encrypt the following message. (Spaces are omitted during encryption) 


WELCOME TO NETWORK SECURITY! 
(a) WMEKREETSILTWETCOOCYONRU! (b) EETSICOOCYWMEKRONRU! LTWET 
(c) LTWETONRU ! WMEKRCOOCYEETSI (d) ONRU! COOCYLTWETEETSIWMEKR 
Encrypt NEKEWNINRROGTTI using the above keyword in Transposition cipher method. 
(a) INTERWORKINGNET (b) INTERNETWORKING 
(c) WORKINGINTERNET (d) None of the above 
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Assuming that for a given network layer implementation, connection establishment 
overhead is 100 bytes and disconnection overhead is 28 bytes. What would be the 
minimum size of a packet the transport layer needs to keep up, if it wishes to imple- 
ment a datagram service above the network layer and needs to keep its overhead to a 
maximum of 12.5%. (Ignore transport layer overhead.) 


(a) 512 bytes (b) 768 bytes (c) 1152 bytes (d) 1024 bytes 
Which of the following is not a standard RS-232C signal? 

(a) RTS (b) CTS (c) DSR (d) VDR 

A high speed communication equipment typically would not be needed for 

(a) E-mail 


(b) transferring large volume of data 
(c) supporting communication between nodes in a LAN 
(d) all of the above 


Which of the following ISO level is more closely related to the physical communica- 
tions facilities? 

(a) Application (b) Session (c) Network (d) Data link 

Which of the following is not a field in the Ethernet message packet? 

(a) Type (b) Data (c) Pin-code (d) Address 

The network topology that supports bi-directional links between each possible node is 
(a) ring (b) star (c) tree (d) mesh 

In a broad sense, a railway track is an example of 

(a) simplex (b) half-duplex (c) full-duplex (d) all of these 

The frequency range at which the land coaxial cables will be used is 


(a) 10°to 10° Hz (b) 10'°to 10!! Hz (c) 10°to10*Hz (d) 10" to 10" Hz 

If the data rate of ring is 20 Mbps, signal propagation speed is 200 m/us, then the number 

of bits that can be placed on the channel of 200 km is 

(a) 2000 bits (b) 20,000 bits 

(c) 1,000 bits (d) none of the above 

ICI (interface control information) is 

(a) used to transfer user data from layer to layer 

(b) used to exchange information by peer entities at different sites on the network to 
instruct an entity to perform a service function 

(c) a combination of service data unit (SDU) and protocol control information (PCI) 

(d) a temporary parameter passed between N and N — 1 layers to involve service func- 
tions between two layers 

Match the following: 

1. Data link layer (i) the lowest layer whose function is to 
activate, deactivate and maintain the cir- 
cuit between DTE and, DCE 

2. Physical layer (ii) performs routing and communication 

3. Presentation layer (iii) detection and recovery from errors in 
the transmitted data 

4. Network layer (iv) Provides for the syntax of the data 
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(a) 1-(iii), 2-(i), 3—(iv), 4-(ii) 

(b) 1-Gi), 2-G), 3—-(iv), 4—(iii) 

(c) 1-(iv), 2-(4), 3-(11), 4—(iii) 

(d) 1-(i), 2-(1), 3-(ii1), 4-(iv) 

In Ethernet when Manchester encoding is used, the bit rate is (GATE 2007) 
(a) half the baud rate (b) twice the baud rate 

(c) same as the baud rate (d) none of these 

Which one of the following uses UDP as the transport protocol? (GATE 2007) 
(a) HTTP (b) Telnet (c) DNS (d) SMTP 

There are 7 stations in a slotted LAN. Each station attempts to transmit with a probability 


p in each time slot. What is the probability that ONLY one station transmits in a given 
time slot? (GATE 2007) 
(a) mp(1—p)"" 0) py" () p(l-p" = @ 1-(-py™" 

In a token ring network, the transmission speed is 10’ bps and the propagation speed is 
200 metres/us. The 1—bit delay in this network is equivalent to (GATE 2007) 
(a) 500 metres of cable (b) 200 metres of cable 

(c) 20 metres of cable (d) 50 metres of cable 

The address of a class B host is to be split into subnets with a 6—bit subnet number. 
What is the maximum number of subnets and the maximum number of hosts in each 
subnet? (GATE 2007) 
(a) 62 subnets and 262142 hosts (b) 64 subnets and 262142 hosts 

(c) 62 subnets and 1022 hosts (d) 64 subnets and 1024 hosts 

The message 11001001 is to be transmitted using the CRC polynomial xX + 1 to pro- 
tect it from errors. The message that should be transmitted is (GATE 2007) 
(a) 11001001000 (b) 11001001011 (c) 11001010 (d) 110010010011 
The distance between two stations, M and N, is L kilometres. All frames are K bits long. 
The propagation delay per kilometre is ¢ seconds. Let R bits/second be the channel 
capacity. Assuming that processing delay is negligible, the minimum number of bits 
for the sequence number field in a frame for maximum utilization, when the sliding 


window protocol is used, is: (GATE 2007) 
o | tog, 2+2 | (0) | tog, 2428 | 
2LtR+K 2LtR+K 
(c) og, a (d) to, a 
Match the following: (GATE 2007) 
P. SMTP 1. Application layer 
Q. BGP 2. Transport layer 
R. TCP 3. Data link layer 
S. PPP 4. Network layer 
5. Physical layer 
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(a) P-2, Q-1, R-3, S-5 (b) P-1, Q-4, R-2, S-3 
(c) P-1, Q-4, R-2, S-5 (d) P-2, Q-4, R-1, S-3 
In the slow start phase of the TCP congestion control algorithm, the size of the congestion 
window (GATE 2008) 


(a) does not increase 
(b) increases linearly 
(c) increases quadratically 
(d) increases exponentially 


Let G(x) be the generator polynomial used for CRC checking. What is the condition that 
should be satisfied by G(x) to detect odd number of bits in error? (GATE 2009) 


(a) G(x) contains more than two terms 

(b) G(x) does not divide 1 + x", for any k not exceeding the frame length 
(c) 1 +x is a factor of G(x) 

(d) G(x) has an odd number of terms. 


Frames of 1000 bits are sent over a 10° bps duplex link between two hosts. The propa- 
gation time is 25 ms. Frames are to be transmitted into this link to maximally pack 
them in transit (within the link). What is the minimum number of bits (4 that will be 
required to represent the sequence numbers distinctly? Assume that no time gap needs 


to be given between transmission of two frames. (GATE 2009) 
(a) ¢=2 (b) ¢=3 (c) ¢=4 (d) ¢=5 

One of the header fields in an IP datagram is the Time-to-Live (TTL) field. Which of 
the following statements best explains the need for this field? (GATE 2010) 


(a) It can be used to prioritize packets. 

(b) It can be used to reduce delays. 

(c) It can be used to optimize throughput. 
(d) It can be used to prevent packet looping. 


Which one of the following is not a client-server application? (GATE 2010) 
(a) Internet chat (b) Web browsing (c) E-mail (d) Ping 
Suppose computers 4 and B have IP addresses 10.105.1.113 and 10.105.1.91 respectively 


and they both use the same netmask N. Which of the values of N given below should 
not be used if A and B should belong to the same network? 


(a) 255.255.255.0 

(b) 255.255.255.128 
(c) 255.255.255.192 
(d) 255.255.255.224 


The next two questions are based on the following information. 


Consider a network with 6 routers R1 to R6 connected with links having weights as shown 
in the following diagram. (GATE 2010) 
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Fig. 16.3 


All the routers use the distance vector based routing algorithm to update their routing 
tables. Each router starts with its routing table initialized to contain an entry for each 
neighbour with the weight of the respective connecting link. After all the routing tables 
stabilize, how many links in the network will never be used for carrying any data? 
(a) 4 (b) 3 (c) 2 (d) 1 

Suppose the weights of all unused links in the previous question are changed to 2 and 
the distance vector algorithm is used again until all routing tables stabilize. How many 
links will now remain unused? 


(a) 0 (b) 1 (c) 2 (d) 3 
A layer-4 firewall (a device that can look at all protocol headers up to the transport layer) 
CANNOT (GATE 2011) 


(a) block entire HTTP traffic during 9:00 p.m. and 5:00 a.m. 
(b) block all ICMP traffic 


(c) stop incoming traffic from a specific IP address but allow outgoing traffic to the same 
IP address 


(d) block TCP traffic from a specific user on a multi-user system during 9:00 p.m. and 
5:00 a.m. 

Consider different activities related to email. 

m1: Send an email from a mail client to a mail server 

m2: Download an email from mailbox server to a mail client 

m3: Checking email in a web browser 


Which is the application level protocol used in each activity? (GATE 2011) 
(a) ml: HTTP m2: SMTP m3: POP 

(b) ml: SMTP m2: FTP m3: HTTP 

(c) ml: SMTP m2: POP m3: HTTP 

(d) ml: POP m2: SMTP m3: IMAP 

HTML (HyperText Markup Language) has language elements which permit certain actions 


other than describing the structure of the web document. Which one of the following 
actions is NOT supported by pure HTML (without any server or client side scripting) 
pages? (GATE 2011) 
(a) Embed web objects from different sites into the same page 

(b) Refresh the page automatically after a specified interval 
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(c) Automatically redirect to another page upon download 
(d) Display the client time as part of the page 


Statement for Linked Answer Questions 81 and 82: 


Consider a network with five nodes, N1 to N5, as shown below. 


Fig. 16.4 


The network uses a distance vector routing protocol. Once the routes have stabilized, 
the distance vectors at different nodes are as following. 

N1: (0, 1,7, 8,4) 

N2: (1, 0, 6, 7, 3) 

N3: (7, 6, 0, 2, 6) 

N4: (8, 7, 2, 0, 4) 

NS: (4, 3, 6, 4, 0) 
Each distance vector is the distance of the best known path at that instance to nodes, 
N1 to N5, where the distance to itself is 0. Also, all links are symmetric and the cost 
is identical in both directions. In each round, all nodes exchange their distance vectors 
with their respective neighbors. Then all nodes update their distance vectors. In between 
two rounds, any change in cost of a link will cause the two incident nodes to change 
only that entry in their distance vectors. 
The cost of link N2—N3 reduces to 2 (in both directions). After the next round of up- 
dates, what will be the new distance vector at node, N3? (GATE 2011) 
(a) (3, 2, 0, 2, 5) (b) (3, 2, 0, 2, 6) 
(c) (7, 2, 0, 2, 5) (d) (7, 2, 0, 2, 6) 
After the update in the previous question, the link NI—N2 goes down. N2 will reflect 
this change immediately in its distance vector as cost, oo. After the NEXT ROUND of 
update, what will be the cost to N1 in the distance vector of N3? (GATE 2011) 
(a) 3 (b) 9 (c) 10 (d) ~ 
The protocol data unit (PDU) for the application layer in the Internet stack is 

(GATE 2012) 
(a) Segment (b) Datagram (c) Message (d) Frame 
Which of the following transport layer protocols is used to support electronic mail? 
(GATE 2012) 

(a) SMTP (b) IP (c) TCP (d) UDP 
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In the IPv4 addressing format, the number of networks allowed under Class C addresses is 
(GATE 2012) 
(a) 2" (b) 2’ (c) 2" (a) 2” 
An Internet Service Provider (ISP) has the following chunk of CIDR-based IP addresses 
available with it: 245.248.128.0/20. The ISP wants to give half of this chunk of addresses 
to organization A, and a quarter to organization B, while retaining the remaining with 
itself. Which of the following is a valid allocation of addresses to A and B? 
(GATE 2012) 
(a) 245.248.136.0/21 and 245.248.128.0/22 
(b) 245.248.128.0/21 and 245.248.128.0/22 
(c) 245.248.132.0/22 and 245.248.132.0/21 
(d) 245.248.136.0/24 and 245.248.132.0/21 
Consider a source computer (S) transmitting a file of size 10° bits to a destination com- 
puter (D) over a network of two routers (R, and R,) and three links (Z,, L,, and L3), 
L, connects S to R,; L, connects R, to R,; and L, connects R, to D. Let each link be 
of length 100 km. Assume signals travel over each link at a speed of 10° meters per 
second. Assume that the link bandwidth on each link is 1 Mbps. Let the file be broken 
down into 1000 packets each of size 1000 bits. Find the total sum of transmission and 
propagation delays in transmitting the file from S to D? (GATE 2012) 
(a) 1005 ms (b) 1010 ms (c) 3000 ms (d) 3003 ms 
Consider an instance of TCP’s Additive Increase Multiplicative Decrease (AIMD) al- 
gorithm where the window size at the start of the slow start phase is 2 MSS and the 
threshold at the start of the first transmission is 8 MSS. Assume that a timeout occurs 
during the fifth transmission. Find the congestion window size at the end of the tenth 


transmission. (GATE 2012) 
(a) 8 MSS (b) 14 MSS (c) 7 MSS (d) 12 MSS 

The transport layer protocols used for real time multimedia, file transfer, DNS and 
email, respectively are (GATE 2013) 
(a) TCP, UDP, UDP and TCP (b) UDP, TCP, TCP and UDP 

(c) UDP, TCP, UDP and TCP (d) TCP, UDP, TCP and UDP 


Using public key cryptography, X adds a digital signature o to message M, encrypts 

<M, o>, and sends it to Y, where it is decrypted. Which one of the following sequences 

of keys is used for the operations? (GATE 2013) 

(a) Encryption: X’s private key followed by Y’s private key; Decryption: X’s public key 
followed by Y’s public key 

(b) Encryption: X’s private key followed by Y’s public key; Decryption: X’s public key 
followed by Y’s private key 

(c) Encryption; X’s public key followed by Y’s private key; Decryption; Y’s public key 
followed by X’s private key 

(d) Encryption: X’s private key followed by Y’s public key; Decryption Y’s private key 
followed by X’s public key 
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labeled R. Determine how many times each packet has to visit the network layer and 


the data link layer during a transmission from S to D. (GATE 2013) 
Inn wee 
Fig. 16.5 


(a) Network layer — 4 times and Data link layer — 4 times 

(b) Network layer — 4 times and Data link layer — 3 times 

(c) Network layer — 4 times and Data link layer — 6 times 

(d) Network layer — 2 times and Data link layer — 6 times 

Determine the maximum length of the cable (in km) for transmitting data at a rate of 
500 Mbps in an Ethernet LAN with frames of size 10,000 bits. Assume the signal speed 
in the cable to be 2,00,000 km/s. (GATE 2013) 
(a) 1 (b) 2 (c) 2.5 (d) 5 

In an IPv4 datagram, the M bit is 0, the value of HLEN is 10, the value of total length 
is 400 and the fragment offset value is 300. The position of the datagram, the sequence 
numbers of the first and the last bytes of the payload, respectively are (GATE 2013) 
(a) Last fragment, 2400 and 2789 (b) First fragment, 2400 and 2759 

(c) Last fragment, 2400 and 2759 (d) Middle fragment, 300 and 689 
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9. In bipolar code the signal varies among three levels. In non-return to zero code the sig- 
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nal remains the same throughout the bit cell. In unipolar code, there will be no signal 
either below zero or above zero. In Manchester code, the signal level will not vary in 
the middle and is unipolar. 

Start and stop bits are not needed in synchronous transfer of data. So, it is 2400/8 = 300. 
Bit stuffing is required when there is a flag of bits to represent one of the incidents, like 
start of frame, end of frame, etc., If the same flag of bits appear in the data stream, a 
zero can be inserted. The receiver deletes this zero from the data stream. 


As all lines are full-duplex and there are no self-connections, only the cross points 
above the diagonal are needed. Hence formula for the number of cross points needed 
is n(n-l)/2 

Since there are six 1200 bps terminals, 6 x 1200 + n x 300 = 9600. Solving, n = 8. 


Maximum data rate = 2Hlog, V bps, where H is the bandwidth, V is the discrete levels. 
Here H is 3 kHz and V is 2. 


Maximum number of the bps = Hlog, (1 + SNR). 
In time division switches 2nT = 1 frame period, where T is the memory access time. 


The Huffman code for A will have 2 digits, B—3 digits, C-3 digits, D-2 digits and E—2 
digits. This can be obtained by constructing the binary tree corresponding to the given 
probabilities. 


Refer to the explanation of the previous question. 

Average code length is the sum of product of the length and probability of the occur- 
rence of the symbols. Here it is, 2 x 0.3 +3x0.15+3x0.1+2x0.25+2x0.2 
= 2.25, 

In Manchester coding, a 1 is represented as 10, and a 0 is represented as 01. Since the 
number of bits required doubles, the baud rate will be halved. 

DNS is an application-layer protocol that uses UDP. 
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The probability that a particular station transmits in a given time slot is p. 

The probability that a particular station does not transmit in a given time slot is /—p. 

The probability that one particular station transmits and all the other stations don’t 

transmit, in a given time slot, is, p-p)". The one station that transmits could be 

any one of the n stations. So, the probability that only one station transmits and all the 
other stations don’t transmit, in a given time slot, is, np(l-p)"! 

Transmission speed of 10” bps implies that the transmission time required for 1-bit is 107 

seconds. The 1-bit delay in this network is equivalent to, the product of the propagation 

speed and the transmission time required for one bit. 

The maximum number of subnets and hosts are 2” — 2, where n is the number of bits 

used. We have taken away that 2 to exclude the invalid first and last addresses. In this 

case the maximum number of subnets is 2° — 2, and the maximum number of hosts, 

which uses 10 bits is 2'? — 2. 

CRC polynomial +] implies that the divisor is of 4-bit length, which is 1001. Dividing 

the message part by this divisor yields the remainder 011. The message transmitted is 

simply the original message appended with this remainder bits. 

Total delay is (2LtR + K/R) seconds. Number of frames that can be transmitted in the 

delay time is (2LtR + K/K). Here the Ack is expected to have very few number of bits 

compared to the size of the frame. Thus, the number of bits required in a frame is what 

is given in option (C). 

DHCP, DNS, FTP, HTTP, TELNET, etc., fall in the application layer. 

Ethernet, ISDN, etc., fall in the data link layer. 

Modems, Coaxial Cables, etc., fall in the physical layer. 

Linear increase happens during congestion avoidance phase. 

This essentially means G(x) has an even number of terms with non-zero coefficients. 

The maximum number of frames that could be on transit is, 1 x 10° x 25x 10° =25x 

10° bit = 25 frames. The minimum number of bits required is, [1og,25 | =5 

TTL is set to a threshold value with every packet such that when the packet traverses 

from source to destination via routers, the field is decremented by one. When the TTL 

reaches zero, even before reaching the destination, the packet is discarded by the router 
thereby preventing the packet from looping the network. 

(A) Typical internet chat is a client/server app, since a client makes a connection to a 
central server and receives update. There are some chat systems that work on a 
P2P model. 

(B) Web browsing is client/server, where a browser is the client and the web page is 
served up by a server. 

(C) E-mail is typically thought of as a client/server app, although hops will be made 
between POP servers. 

(D) Ping uses ICMP protocol, and it uses a ping client which sends a request to a desti- 
nation, and gets back a response. Among the four options, (D) is closest, although 
(C) is acceptable as well. 
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113 = 01110001 

91 = 01011011 

The bit mask 224 corresponds to 11100000. As the 3rd MSB differs between A and B, 
this bitmask will put them in different networks. Hence, the answer is D. 

If the distance vector routing algorithm is applied, after convergence, the links R1-R2, and 
R4-R7 with weights 6, and 8 would never be used for carrying data. 

In line with the explanation for the previous question, after having changed the weights, 
it can be noticed that the R5-R6 link with weight 4 will not be used by any node for 
carrying data. 

The HTTP belongs to the application layer which is a layer above the transport layer. 
SMTP is typically used for sending messages to a mail server. 

POP is one of the ways of downloading mails from the mailbox server to the client. 
Displaying client time requires JavaScript code or server side code. 

At first, Option (D) seems to be the correct answer if we consider immediate round 
after the cost changes. But, the question asks for the new distance vector after next 
round of updates (note the plural). 

Nodes N, and N, are adjacent to node N3. 

Cost from node N, to node N; is 8. 

Cost from node N; to node N; is 2. 

So, required cost will be 2 + 8. 

For the transport layer, it is segment. For the data link control layer, it is frame. For the 
network layer, it is packet. 

Transport Layer Protocol is also suitable for File Transfer Protocol. UDP is suitable for 
Voice-over-IP. 

Out of the 24 reserved bits, the leading three bits are fixed as 110. The remaining 21 
bits can be used. 

Compared to conventional class based groupings, CIDR (Classless Inter-Domain Rout- 
ing) is a method for allocating IP addresses flexibly. 245.248.128.0/20 means that 
the IP address is 245.248.128.0 with subnet mask 255.255.240.0. Since the ISP has 
2! addresses, organization A can be given 2!! addresses from this pool. Accordingly, 
organization A will have 245.248.136.0 to 245.248.255.254. This can be represented 
in CIDR format as 245.248.136.0/21 (21 implies that 2°?! = 2'! addresses are avail- 
able). Organization B needs 2!° addresses and hence the range of IP in CIDR format 
would be 245.248.128.0/22. 

Every link incurs a propagation delay of 1 ms(100 x 10° m/108 m/s) totaling 3 ms from 
S to D. Transmission delay for a packet to travel from S to D would be 

3 x (1000 bits/10° bits/s) = 3 ms. Thus, the first packet takes 

3 ms (propagation delay) + 3 ms (transmission time) = 6 ms to travel from S to D. 
While the first packet leaves the router R,, the source node S would have sent another 
packet to R,. This is like pipelining. Due to this parallelism in forwarding of packets, 
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every packet would experience a total delay of 1 ms. Thus, 999 packets would have 
taken 999 ms. Therefore, the total time taken for transmission of 1000 packets would 
be 6 ms + 999 ms = 1005 ms. 

The question does not say anything about congestion after 5" transmission. If congestion 
is resolved after 6" transmission, then the option (B) is correct. 

Real-time multimedia does not require connection oriented TCP. Directory Name Service 
(DNS) also does not need TCP. File Transfer Protocol (FTP) and email services (SMTP) 
run over TCP for reliable transfer of file and message content. 

It is obvious that X can’t encrypt using its own public key as it leads to security breach. 
X has to encrypt using its private key. So, option (c) is incorrect. 

As X can only know about Y’s public key (and not private key), this message will 
further be encrypted using Y’s public key. So, option (a) is incorrect. 

While decrypting, Y can decrypt the message (using its private key) only after decipher- 
ing the encrypted message using X’s public key. Accordingly, the option (b) is also not 
correct. 

Each packet from application layer of S will pass through network layer of S, R, R, 
and D and hence 4 visits to network layer. The packet from network layer will visit 
once to the DLL of S and then to DLL of first R-2 times. When the first R forwards 
it to next R, it is also visited to DLL of S (as it is a neighboring node) for the second 
time—2 times. When the second R forwards it to D, it is also visited to DLL of preced- 
ing R once more —2 times. 


Time needed for one frame (of 10,000 bits) to be transmitted at the rate of 
500 Mbps = 10u09 bits 
500 x 10° bits per second 


This is the time needed for round trip between sender and receiver. Hence, the maximum 
distance of the cable at the signal speed of 2,00,000 km/s is 


2,00, 000 km £ 10000 second _ 
second 2x 500 x 10° 


The M bit means ‘More Fragment’ and a value of 0 indicates that this packet is the last 
fragment (no more fragment). So, options B and D are invalid. 

The HLEN field refers to header length which is mentioned as 10. This means that 
the length of the header is 40 bytes (10 x 4). The total length mentioned is 400 which 
includes this 40 bytes header. The frame offset value of 300 implies that 2400 bytes 
(300 x 8 bytes) were sent in the previous frame. So, the sequence number of the first 
byte of payload will be 2400 and the sequence number of the last byte will be 2400 + 
400 — 40 — 1 = 2759. 
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. The point (4, 1) undergoes the following 3 transformations successively. 


I. Reflection about the line y = x 

II. Translation through a distance of 2 units along the positive x-axis 
II. Rotation through an angle of 7/4 about the origin in the counter clockwise direction. 
The final position of the point will be 


(a) (-1/¥2,7/V2) (b) (1, 4) 
(c) (3/V2,-5/V2) (d) (3/V¥2,5/V2) 


. Let the maximum number of pixels in a line be M. The number of subdivisions at most 


necessary using the mid-point subdivision method of clipping is 
(a) log, M (b) 2” 
(c) 2M (d) none of these 


. Find the incorrect statement(s). 


(a) A perspective projection produces realistic views. 

(b) A parallel projection preserves realistic dimensions. 

(c) A perspective projection preserves realistic dimensions. 

(d) A parallel projection gives realistic representation of 3-D objects. 

The people of the planet Mars designed a scale for measuring the temperature in which 
water freezes at 100 units and boils at 250 units. The people of Jupiter designed a scale 
in which water freezes at 75 units and boils at 300 units. A temperature of 200 units 
in Mars will measure in Jupiter. 


(a) 300 (b) 225 (c) 250 (d) 175 
The two scales coincide at 
(a) 130 (b) 165 (c) 150 (d) 170 


. Oblique projection with an angle of 45° to the horizontal plane is called as 


(a) cabinet projection (b) isometric projection 
(c) cavalier projection (d) none of the above 
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. Which of the following curves are symmetric about the line x = y? 
(a) l+x+y=0 (b) y=|x| 
(0) y =x @) |x]|+]y|=9 


. Choose the correct statement(s). 
(a) Random-scan monitors draw a picture one line at a time. 
(b) The components line of a random-scan picture must be refreshed in a particular order. 
(c) Raster-scan monitors draw a picture one line at a time. 
(d) Random-scan method is well suited for displaying shading and colour areas. 


. The perspective anomaly in which the object behind the centre of projection is projected 
upside down and backward onto the viewplane is called as 


(a) perspective foreshortening (b) vanishing view 
(c) view confusion (d) topological distortion 


. Which statement about beam penetration method for producing colour display is/are 
true? 


(a) It is used with raster-scan monitors. 

(b) It is used with random-scan monitors. 

(c) By using beam penetration method a wide range of colours can be obtained. 
(d) It uses three electron guns, one each for green, blue and red colours. 


*11. x = af’; y= 2at, is the parametric equation of a/an 
(a) circle (b) rectangular hyperbola 
(c) parabola (d) ellipse 

*12. A line connecting the points (1, 1) and (5, 3) is to be drawn, using the DDA algorithm. 
Find the value of x and y increments. 
(a) x-increment = 1 ; y-increment = 1 (b) x—increment = 0.5; y-increment = 1 
(c) x-increment = 1 ; y—increment = 0.5 (d) none of the above 

*13. The entire graph of the function f(x) = x? +kx-x+9 is strictly above the x-axis if and 
only if 
(a) -3<k<5 (b) —-3<k<2 (c) -3<k<7 (d) -5<k<7 

14. The phenomenon of having a continuous glow of a beam on the screen even after it is 

removed is called as 
(a) fluorescence (b) persistence 
(c) phosphorescence (d) incandescence 

*15. Perform window to viewport transformation for the point (20, 15). 
Assume that (Xwmin, Ywmin) is (0, 0); (Xwmax, Ywmax) is ia bey) 
(100, 100); (Xvmin, Yvmin) is (5, 5); (Xvmax, Yvmax) is . 
(20, 20). The value of x and y in viewport is (0, 0) max 
(a) x=4,y=4 (b) x=3,y=3 Fig. 17.1 


(c) x=8, y=7.25 (d) x=3,y=4 
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A frame buffer array is addressed in row-major order for a monitor with co-ordinate locations 
varying from (0, 0) to (100, 100). Assuming that one bit of storage is required per pixel and 
address of (0, 0) is 0000, the address of the co-ordinate position (5, 10) is given by 


(a) 1015 (b) 515 (c) 1005 (d) 505 
Which display device is best suited for CAD systems? 

(a) A CRT with vector refresh monitor (b) A CRT with raster scan monitor 
(c) Plasma panel display (d) LED display 

When the computer is not able to maintain operation and display, bright spots occur 
in the screen. This is called as 

(a) dropping out (b) snowing (c) flickering (d) blanking 
All the following hidden surface algorithms employ image space approach except 

(a) back face removal (b) depth buffer method 

(c) scan line method (d) depth sort method 

The best hidden surface removal method(s) used for complex scenes with more than a few 
thousand surfaces is/are 

(a) depth sorting method (b) scan line algorithm 

(c) depth buffer algorithm (d) octree method 

The anti-aliasing technique which allows shift of 1/4, 1/2 and 3/4 of a pixel diameter 
enabling a closer path of a line is 

(a) pixel phasing (b) filtering 

(c) intensity compensation (d) sampling technique 

The subcategories of orthographic projection are 

(a) cavalier, cabinet, isometric (b) cavalier, cabinet 

(c) isometric, dimetric, trimetric (d) isometric, cavalier, trimetric 

The clarity of a displayed image depends on the 

(a) resolution (b) floating point precision of the system 
(c) associated software (d) aspect ratio 

Which of the following is an odd function? 

(a) fœ) =x- ] x] (b) f(%) = sin (x) + cos (x) 

(c) f(x) = GG) (d) none of the above 


a—-l 
In multiple transformation, which of the following are commutative? 
(a) Successive transformations of the same kind 
(b) Rotation about a fixed point and translation 
(c) Uniform scaling and rotation 
(d) (a) and (b). 
In the raster-scan method for transformation, a 90° rotation can be performed by 
(a) reversing the order of bits within each row in the frame buffer 
(b) by performing XOR on the frame buffer location 
(c) by copying each row of the block into a column in the new frame buffer location 
(d) none of the above 


27. 


*28. 


29. 


30. 


31. 


32. 


33. 


*34. 


*35. 


*36. 


Computer Graphics 459 


In the clipping algorithm of Cohen and Sutherland using region codes, a line is already 
clipped if the, 

(a) codes of the end points are the same. 

(b) logical AND ofthe end points code is not 0000. 

(c) logical OR of the end points code is 0000. 

(d) logical AND of the end points code is 0000. 

Choose the functions that are periodic. 

(a) f(x) =x — [x]; where [x] stands for the greatest integer < x 

(b) f(x) = | cos (x) | 

(c) f(x) = (x) cos (x) 

(d) f (x) = sin (l/x), if x 4 0; 0 otherwise 

In Sutherland—Hodgman algorithm for polygon clipping, assume P (present point) lies 
inside the window and S (previous point) lies outside the window. Then, while process- 
ing through that window boundary, we should 

(a) store the intersection point of line PS (S^) only 

(b) store the points P and S’ 

(c) store the point P only 

(d) store the points S and S’ 


Random-scan monitors are also referred to as 

(a) vector display (b) stroke writing display 
(c) calligraphic display (d) none of the above 
The refresh rate below which a picture flickers is 


(a) 25 (b) 30 (c) 35 (d) 60 


Pixel phasing is a technique for 

(a) shading (b) anti-aliasing 

(c) hidden line removal (d) none of the above 

When several types of output devices are available in a graphic installation, it is con- 
venient to use 

(a) bundled attributes (b) unbundled attributes 

(c) inquiry attributes (d) none of the above 

Which of the following points lies on the same side as the origin, with reference to the line 


3x + Ty = 2? 
(a) (3, 0) (b) (1, 0) (c) (0.5, 0.5) (d) (0.5, 0) 


If (a, b, c) x (1, 3, 1) = (2, 1, 6), where x denotes the vector product, then (a, b, c) is 
given by 

(a) (0, 1, 1) (b) (k, 0, 1 —k) for any real k 

(c) (-l, 2, -7) (d) there exists no solution 

Which of the following transformations are non-commutative? 

(a) Linear followed by scaling (b) Linear followed by rotation 


(c) Scaling followed by rotation (d) None of the above 
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Reflection of a point about x-axis, followed by a counter-clockwise rotation of 90°, is 
equivalent to reflection about the line 

(a) x=-y (b) y= (c) x=y (d) xty=1 
Which one of the following is not a linear transformation? 

(a) F : R? > R? defined by f (x, y, z) = (x, z) 

(b) F : R? —> R? defined by f (x, y, z) = œ, y — 1,2) 

(c) F : R? —> R defined by f (x, y) = (2 x, y — x) 

(d) F : R? + R defined by f (x, y) = (y, x) 


Raster systems display a picture from a definition in a 

(a) display file program (b) frame buffer 

(c) display controller (d) none of the above 
Back face removal is an example of 

(a) object space method (b) image space method 
(c) combination of both (d) none of the above 
A bilinear transformation can be simulated by the transformations 


(a) translation, rotation and stretching 

(b) translation and rotation 

(c) rotation, stretching and inversion 

(d) rotation, stretching, inversion and translation 

Choose the correct answers. 

To construct the rectangle ABCD, it is enough if 

(a) the length and breadth are given 

(b) the vertices A and B are given 

(c) the vertex A and the length of the diagonal are given 

(d) the vertices A and C are given 

A raster colour display processor supports a resolution of 1024 x 800 with upto 16 mil- 
lion colours simultaneously displayable. What will be the approximate size (in bytes) 
of the frame buffer used in the display processor? 

(a) 1.2 x 10° (b) 2.4 x 10° (c) 16 x 10° (d) 10° 

A Bezier cubic curve with control points Po, P;, P2, P3 is defined by the equation 


3 
f(u)= ERE (u) 


B3 is 

(a) (uw)? (b) u? (c) 3u(l-u) (d) 3u°(1-w) 
Choose the incorrect statement from the following about the basic ray tracing technique 
used in image synthesis. 

(a) In this technique, rays are cast from the eye point through every pixel on the screen. 
(b) In this technique, viewing transformations are not applied to the scene prior to rendering. 
(c) This technique removes hidden surfaces. 

(d) In this technique, rays are cast from the light source to the objects in the scene. 


46. 


47. 


48. 


49. 


50. 


51. 


*52. 


Computer Graphics 461 
A cube with side 3 units is placed so that one of its vertices is at the origin and it has 
one edge along the positive X, Y and Z axes of a 3-D right handed coordinate system. 
What is the homogeneous co-ordinate transformation matrix, necessary to move the 
cube so that it has a vertex at the origin and has one edge each along the negative X, 
negative Y and negative Z axis. 


[1 0 00 0 0 01 
(a) 0 1 0 0 (b) 1 0 1 1 

0 0 10 1 1 0 1 

3 3 -3 1 [53 ado 3D 

[1 0 0 0 jo 0 0 1 
(c) }O 1 0 0 (d |1 01 1 

00 10 1 10 1 

3na ee |3 3 30 
Which of the following statement(s) is/are true? 


(a) Request, sample and event are the three basic modes of input. 
(b) Keyboard is a device ideally suited for use in sample mode. 
(c) A mouse is typically a device for inputting an absolute position on the screen. 


(d) Special graphics hardware support is essential for providing a menu-driven user in- 
terface to an application. 


Which of the following devices has a relative origin? 

(a) Joystick (b) Track ball 

(c) Mouse (d) None of the above 

A cube of side 1 unit is placed such that the origin coincides with one of its vertices 
and the three axes run along three of its edges. The vertex diagonally opposite to (1, 
0, 1) is 

(a) (0, 0, 0) (b) (1, 1, 0) 
A surface appearing black 


(c) (0, 1, 1) (d) (0, 1,0) 


(a) reflects all the incident colours 
(b) reflects all the incident colours except black 


(c) reflects only black and absorbs the rest 


(d) reflects none 


Hue of a colour is related to its 


(a) luminance (b) saturation 


(c) incandescence (d) wavelength Fig. 17.2 


On a 15 x 15 raster, this figure of white squares in Fig. 17.2 is stored 
such that the first square coincides with the top left corner 
of the raster. The compression ratio attained by run length 
coding is approximately 
(a) 1:2 (b) 1:5 


(c) 2:7 (d) 1:9 
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If the eccentricity of a conic is less than one then it is a 

(a) circle (b) parabola (c) ellipse (d) hyperbola 
Parabola can be got from a right circular cone, by cutting it through a plane that is 
(a) parallel to the side of the cone (b) perpendicular to the axis of the cone 
(c) a tangent to the cone (d) none of the above 

Fractals deal with curves that are 

(a) irregularly irregular (b) regularly irregular 

(c) irregularly regular (d) regularly regular 

A circle, if scaled in only one dimension becomes a/an 

(a) parabola (b) hyperbola 

(c) ellipse (d) remains a circle 

Let R be the radius of a circle. The angle subtended by an arc of length R at the centre 
of the circle is 

(a) 1 degree (b) 1 radian 

(c) 45 degrees (d) impossible to determine 

Choose the correct statement. 


Given three non-collinear points, 

(a) it is always possible to draw a circle passing through the three points. 

(b) it may or may not be possible to draw a circle passing through the three points. 
(c) it is impossible to draw a circle passing through the three points 

(d) none of the above 

(2,4) is a point on a circle that has centre at the origin. Which of the following point(s) 
is/are also on the circle? 

(a) (2, -4) (b) (-2, 4) (c) (4, -2) (d) 4, 2) 
Aspect ratio is generally defined as the ratio of the 

(a) vertical to horizontal points 

(b) horizontal to vertical points 

(c) vertical to (horizontal + vertical) points 

(d) either (a) or (b), depending on the convention followed 


Let F: R? > R? be the mapping defined by F(x, y) = (z ; 4 . The image under F of 
the ellipse 3 4 


x2 y? 

—_ + — =1,is 

9 16 P 

(a) the circle x? + y= 1 (b) the line = + =1 
2, 2 

(©) the ellipse Z> + Z5! aea means 


The next three questions are based on this window. 
A rectangle is bound by the lines x = 0; y = 0; x = 5 and y = 3. 
The line segment joining (—1, 0) and (4, 5), if clipped against this window will connect 
the points 
(a) (0, 1) and (3, 3) (b) (0, 1) and (2, 3) 
(c) (0, 1) and (4, 5) (d) none of the above 
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*63. The line segment joining (1, 1) and (4, 2) if clipped against this window will connect 


the points 
(a) (0, 1) and (3, 3) 
(c) (1, 1) and (4, 2) 


(b) (0, 1) and (2, 3) 
(d) none of the above 


*64. The line 2x — y + 4 = 0, if clipped against this window will connect the points 


66. 


67. 


68. 


69. 


70. 


(a) (0, 1) and (3, 3) 
(c) (1, 2) and (3, 4) 


. The best hidden surface removal algorithm is 


(a) painters 

(c) area subdivision 

Engineering drawing commonly applies 
(a) oblique projection 

(c) perspective projection 


(a) pixel 
(c) voxel 


(a) convergence point 
(c) point of illusion 


(b) (0, 1) and (2, 3) 
(d) none of the above 


(b) depth buffer 
(d) depends on the application 


(b) orthographic projection 
(d) none of the above 


The basic elements of a picture in volume graphics is 


(b) volsel 
(d) none of the above 


The point at which a set of projected parallel lines appear to converge is called as a 


(b) vanishing point 
(d) point of delusion 


The workstation transformation that maps the normalised device screen onto a physical 


device, whose x-extent is 0 to 10 and y-extent is 0 to 20 where the origin is the lower 


left corner is 


(a) |00 20 00 


(©) |00 20 00 


mation matrix is 


10 00 00 
(a) |00 20 00 
00 00 01 


00 00 01 
(œ) 100 20 00 
10 00 00 


(b) |20 00 00 


(d) |}00 20 20 


In the previous question, if the origin is the upper left corner, the workstation transfor- 


00 10 00 
(6) |20 00 00 
00 00 01 


10 00 00 
(d) |00 20 20 
00 00 01 
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*71. Consider the three points, A(3, 6, 4); B(2, 5, 5); C(0, 3, 7) and the view point V(1, 4, 6). 

Choose the correct option(s). 
(a) C hides A and B, if viewed from V 
(b) C hides A but not B, if viewed from V 
(c) A hides B but not C, if viewed from V 
(d) B hides A but not C, if viewed from V 

72. In displaying a clipped picture, the efficient method is 
(a) clipping against the window and then applying the window transformation 
(b) applying window transformation and then clipping against the viewport 
(c) both (a) and (b) have the same efficiency 
(d) efficiency depends on whether the window is an aligned rectangle or not. 

73. A viewgraph is 
(a) an oversized slide designed for presentation on an overhead projector. 
(b) designed and created by exposing film to the output of the graphics system. 
(c) a hardcopy chart 
(d) none of the above 

74. The best suited hidden surface algorithm to deal with non polygonal, non planar surface 


patches is 
(a) painter’s algorithm (b) Z-Buffer algorithm 
(c) ray tracing (d) scan-line algorithm 


75. Assuming that one allows 256 depth value levels to be used, how much memory would a 
512 x 512 pixel display require to store the Z-Buffer? 
(a) 512K (b) 256K (c) 1024 K (d) 128 K 
*76. Consider the HTML table definition given below: (GATE 2009) 
<table border=1> 
<tr> <td rowspan=2> ab </td> 
<td colspan=2> cd </td> 
</tr> 
<tr> <td> ef </td> 
<td rowspan=2> gh </td> 


</tr> 

<tr> <td colspan=2> ik </td> 

</tr> 

</table> 
The number of rows in each column and the number of columns in each row are: 
(a) <2,2,3> and <2,3,2> (b) <2,2,3> and <2,2,3> 


(c) <2,3,2> and <2,3,2> (d) <2,3,2> and <2,2,3> 
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== $$ 


4. Translating so that both the scales start at the origin, and scaling so that the divisions 


in both scales coincide, we get the formula (M — 100) x 225/150 = J — 75, where M 
refers to the scale in Mars and J, to the scale in Jupiter. Putting M = 200, we get J = 
225. 


. We have to find the temperature that is same in Mars and Jupiter. Put M = J in the 


equation 
(M — 100) x 225/150 = J — 75 and solve to get 150. 


. Ifthe equation of the curve is unaltered, if x is replaced by y and y by x, then the curve 


11. 


12. 


will be symmetric about the line x = y. 
Standard equation of a parabola is y* = 4ax. Put x = af and solve for y. 
x2 — xl 
max ((x2 — x1), (v2 — yl)) 


x — increment = 


y2- yl 
max ((x2 — x1), (y2 — y1)) 


y — increment = 


466 
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yar +(k-1)x+9 = (x+ (k-12? —(k- 192) +9 

For the entire graph to lie above the x-axis. y should be greater than 0, for all x. 

So, 9 — ((k— 1)/2)° > 0. i.e., (k- 7) (kK +5) <0 or -5<k<7 

X(view por) 7 XV max ~ XV min) (XW — XW min) / (XW max ~ XW min) + XV min 

Yview port) = CEV nar a YV nin) (YW - YW nin) / (YW max T, YW min) T YV min 

ADDRESS (x,y) = ADDRESS (0,0) + y((x-max)+l1) + x 

f(x) =x’ =| x | and f(x) = (x) (d + 1)(a — 1) are even functions, because f(x) = f(x). f (x) 
= sin (x) + cos (x) is neither even nor odd as f(x) + f (~x) and — f (x) + f (cx) 

For f (x) = x — [x]; where [x] stands for the greatest integer < x, solving the equation 
f(x + T) = fx), we get T= 1 as the period. f (x) = | cos (x) | is periodic with period m. 
SF (x) = (x) cos (x) and f (x) = sin (1/x), if x + 0; 0 otherwise are not periodic. 


If (0, 0) is substituted in the equation, we get 0, which is less than 2. So, any point on 
the same side as that of the origin, should yield a value less than 2, when substituted 
in the equation. Hence the result. 


= (2, 1, 6) 


Ww ou. 
Q 


i 
The determinant | a 
1 


gives the three equations, b — 3c = 2; c— a = 1; 3a—b = 6. This system of equations, 
has no solution as using the second equation in the third gives b — 3c = —3, which 
contradicts the first. 

Check by multiplying the corresponding transformation matrices. Also refer Qn.25. 
A function F (x, y) is linear if F (ax, ay) = aF(x, y) and F (atx, bty) = F (a, b) + F (x, y). 
The functions given in options (a), (c), (d) satisfy these two conditions but option (b) 
doesn’t. 

Storing without any type of coding, needs 15 x 15 = 225 units of memory. Using run-length 
coding, the first row needs 4 units, each of the rows from 2 to 6 needs 6 units and the rest 
of the rows (from 7 to 15) needs 2 units each. So, totally 4+ 6 x 5 +2 x 9 = 52 units. The 
compression achieved is 52/225, which is roughly 1/9. 


Let it be scaled in Y-axis with a factor k. The equation of the circle x? + y =a’, after 
2 2 
scaling becomes x + (ky) =a’. This can be written as =F y z = 1. This is an 
a a 
ellipse. (2) 


Length of arc = Length of radius x angle subtended in radians. 

The three given points form a triangle. This triangle will have a circum-circle that 
touches all the three points. 

Since the circle with centre at the origin, is symmetric about the X-axis, Y-axis, the line 
X = Y and the line X = —Y, the reflection of (2, 4) about these axes, will also be points 
on the circle. 

(X, Y) in the transformed co-ordinate system corresponds to (x/3, y/4) of the old system. 
So the given ellipse transforms to X? + Y? = 1. 
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The equation of the line joining (—1, 0) and (4, 5) is x— y + 1 = 0. This cuts the window 
boundaries x = 0 and y = 3 at the points (0, 1) and (2, 3) respectively. 

A point (x, y) will be inside the window, if 0 < x < 5 and 0 < y < 3. So, the points (1, 1) and 
(4, 2), both lie within the window. So, it is already clipped. 

This line cuts the x-axis at (—2, 0) and y-axis at (0, 4). So, it lies totally outside the 
window and so cannot be clipped. 

The equation of the line joining V and A is given by x = t + 3; y=t+6;z=4-t. 
Since B and C satisfy this, all the four points are collinear. We can find that t = 0 for 
A, t=—1 for B, t = —2 for V and t = —3 for C. From these values it is clear that these 
points lie in the order C, V, B, A. Hence the answer. 

The table renders as follows. 


ab 


gh 
ik 


Fig. 17.3 


ik 
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General Aptitude 
Questions from GATE 
Question Papers 


Which of the following options is the closest in the meaning to the word below: 


Inexplicable (GATE 2011) 
(a) Incomprehensible (b) Indelible 
(c) Inextricable (d) Infallible 


If log (P) = (1/2) log (Q) = (1/3) log (R), then which of the following options is TRUE? 
(GATE 2011) 

(a) P= OR’ (b) O° =PR (c) Q= RP (d) R=P Q 

Choose the most appropriate word(s) from the options given below to complete the fol- 


lowing sentence. 
I contemplated Singapore for my vacation but decided against it. 


(GATE 2011) 


(a) to visit (b) having to visit 
(c) visiting (d) for a visit 
Choose the most appropriate word from the options given below to complete the fol- 


lowing sentence. 
If you are trying to make a strong impression on your audience, you cannot do so by 
being understated, tentative or (GATE 2011) 


(a) hyperbolic (b) restrained 


(c) argumentative (d) indifferent 

Choose the word from the options given below that is most nearly opposite in meaning 
to the given word: Amalgamate (GATE 2011) 
(a) Merge (b) Split 

(c) Collect (d) Separate 


Few school curricula include a unit on how to deal with bereavement and grief, and yet 
all students at some point in their lives suffer from losses through death and parting. 


Based on the above passage which topic would not be included in a unit on bereavement? 
(GATE 2011) 


*7, 
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(a) How to write a letter of condolence 

(b) What emotional stages are passed through in the healing process 
(c) What the leading causes of death are 

(d) How to give support to a grieving friend 


P, Q, R and S are four types of dangerous microbes recently found in a human habitat. 
The area of each circle with its diameter printed in brackets represents the growth of a 
single microbe surviving the human immunity system within 24 hours of entering the 
body. The danger to human being varies proportionately with the toxicity, potency and 
growth attributed to a microbe shown in the figure below. (GATE 2011) 


Toxicity 
(milligrams of microbe required to destroy half of the body 
mass in kilograms) 


Potency 


(Probability that microbe will overcome human immunity system) 


Fig. 18.1 


A pharmaceutical company is contemplating the development of a vaccine against the 
most dangerous microbe. Which microbe should the company target in its first attempt? 
(a) P (b) Q (c) R (d) S 

The variable cost (V) of manufacturing a product varies according to the equation 
V = 4q, where q is the quantity produced. The fixed cost (F) of production of same 
product reduces with q according to the equation F = 100/q. How many units should 
be produced to minimize the total cost (V + F)? (GATE 2011) 
(a) 5 (b) 4 (c) 7 (d) 6 

A transporter receives the same number of orders each day. Currently, he has some 
pending orders (backlog) to be shipped. If he uses 7 trucks, then at the end of the 4th 
day he can clear all the orders. Alternatively, if he uses only 3 trucks then all the orders 
are cleared at the end of the 10th day. What is the minimum number of trucks required 
so that there will be no pending order at the end of the 5th day? (GATE 2011) 
(a) 4 (b) 5 (c) 6 (d) 7 
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A container originally contains 10 litres of pure spirit. From this container, 1 litre of 
spirit is replaced with 1 litre of water. Subsequently, 1 litre of the mixture is again 
replaced with 1 litre of water and this process is repeated one more time. How much 
spirit is now left in the container? (GATE 2011) 
(a) 7.58 litres (b) 7.84 litres (c) 7 litres (d) 7.29 litres 

The cost function for a product in a firm is given by 5q°, where q is the amount of 
production. The firm can sell the product at a market price of Ẹ 50 per unit. The number 
of units to be produced by the firm such that the profit is maximized is (GATE 2012) 


(a) 5 (b) 10 (c) 15 (d) 25 

Choose the most appropriate alternative from the options given below to complete the 

following sentence: (GATE 2012) 

Despite several the mission succeeded in its attempt to resolve the conflict. 

(a) attempts (b) setbacks (c) meetings (d) delegations 

Which one of the following options is the closest in meaning to the word given below? 
(GATE 2012) 

Mitigate 

(a) Diminish (b) Divulge (c) Dedicate (d) Denote 

Choose the most appropriate alternative from the options given below to complete the 

following sentence: (GATE 2012) 

Suresh's dog is the one was hurt in the stampede. 

(a) that (b) which (c) who (d) whom 


Wanted Temporary, Part-time persons for the post of Field Interviewer to conduct per- 
sonal interviews to collect and collate economic data. Requirements: High School-pass, 
must be available for day, Evening and Saturday work. Transportation paid, expenses 
reimbursed. 
Which one of the following is the best inference from the above advertisement? 
(GATE 2012) 
(a) Gender discriminatory 
(b) Xenophobic 
(c) Not designed to make the post attractive 
(d) Not gender-discriminatory 
A political party orders an arch for the entrance to the ground in which the annual conven- 
tion is being held. The profile of the arch follows the equation y = 2x — 0.1.x” where y is 
the height of the arch in meters. The maximum possible height of the arch is 
(GATE 2012) 
(a) 8 meters (b) 10 meters (c) 12 meters (d) 14 meters 
An automobile plant contracted to buy shock absorbers from two supplies X and Y. 
X supplies 60% and Y supplies 40% of the shock absorbers. All shock absorbers are 
subjected to a quality test. The ones that pass the quality test are considered reliable. 
Of X’s shock absorbers, 96% are reliable. Of Y’s shock absorbers, 72% are reliable. 
The probability that a randomly chosen shock absorber, which is found to be reliable, 
is made by Y is (GATE 2012) 
(a) 0.288 (b) 0.334 (c) 0.667 (d) 0.720 


*18. 


*19. 
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Which of the following assertions are CORRECT? 

P: Adding 7 to each entry in a list adds 7 to the mean of the list 

Q: Adding 7 to each entry in a list adds 7 to the standard deviation of the list 

R: Doubling each entry in a list doubles the mean of the list 

S: Doubling each entry in a list leaves the standard deviation of the list unchanged 
(GATE 2012) 


(a) P, Q (b) Q, R (c) P, R (d) R, S 
Given the sequence of terms, AD CG FK JP, the next term is (GATE 2012) 
(a) OV (b) OW (c) PV (d) PW 
Which one of the following options is the closest in meaning to the word given below? 


(GATE 2013) 


Nadir 

(a) Highest (b) Lowest (c) Medium (d) Integration 
Complete the sentence: (GATE 2013) 
Universalism is to particularism as diffuseness is to ; 

(a) specificity (b) neutrality (c) generality (d) adaptation 
What will be the maximum sum of 44, 42, 40, ...? (GATE 2013) 
(a) 502 (b) 504 (c) 506 (d) 500 

Were you a bird, you in the sky. (GATE 2013) 
(a) would fly (b) shall fly 

(c) should fly (d) shall have flown 

Choose the grammatically INCORRECT sentence: (GATE 2013) 


(a) He is of Asian origin. 

(b) They belonged to Africa. 

(c) She is an European. 

(d) They migrated from India to Australia. 


Find the sum of the expression (GATE 2013) 
; + l + : +...+ SD 

VI+42 N2443 V34+V4 ` J804V81 

(a) 7 (b) 8 

(c) 9 (d) 10 

Out of all the 2-digit integers between | and 100, a 2-digit number has to be selected at 


random. What is the probability that the selected number is not divisible by 7? 
(GATE 2013) 
(a) 13/90 (b) 12/90 (c) 78/90 (D) 77/90 
After several defeats in wars, Robert Bruce went in exile and wanted to commit sui- 
cide. Just before committing suicide, he came across a spider attempting tirelessly to 
have its net. Time and again, the spider failed but that did not deter it to refrain from 
making attempts. Such attempts by the spider made Bruce curious. Thus, Bruce started 
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observing the near-impossible goal of the spider to have the net. Ultimately, the spider 

succeeded in having its net despite several failures. Such act of the spider encouraged 

Bruce not to commit suicide. And then, Bruce went back again and won many a battle, 

and the rest is history. 

Which one of the following assertions is best supported by the above information? 
(GATE 2013) 

(a) Failure is the pillar of success. 

(b) Honesty is the best policy. 

(c) Life begins and ends with adventures. 

(d) No adversity justifies giving up hope. 

A tourist covers half of his journey by train at 60 km/h, half of the remainder by bus 

at 30 km/h and the rest by cycle at 10 km/h. The average speed of the tourist in km/h 

during his entire journey is (GATE 2013) 

(a) 36 (b) 30 (c) 24 (d) 18 

The current erection cost of a structure is Rs. 13,200. If the labour wages per day 

increase by 1/5 of the current wages and the working hours decrease by 1/24 of the 

current period, then the new cost of erection in rupees is (GATE 2013) 

(a) 16,500 (b) 15,180 (c) 11,000 (d) 10,120 


25 persons are in a room. 15 of them play hockey, 17 of them play football and 10 of 
them play both hockey and football. Then the number of persons playing neither hockey 
nor football is (GATE 2010) 
(a) 2 (b) 17 (c) 13 (d) 3 

If 137 + 276 = 435 how much is 731 + 672? (GATE 2010) 
(a) 534 (b) 1403 (c) 1623 (d) 1513 


Hari (H), Gita (G), Irfan (I) and Saira (S) are siblings (i.e. brothers and sisters). All were 

born on 1“ January. The age difference between any two successive siblings (that is 

born one after another) is less than 3 years. Given the following facts: 

i. Hari’s age + Gita’s age > Irfan’s age + Saira’s age 
ii. The age difference between Gita and Saira is 1 year. However, Gita is not the old- 
est and Saira is not the youngest. 

iii. There are no twins. 

In what order were they born (oldest first)? (GATE 2010) 

(a) HSIG (b) SGHI (c) IGSH (d) IHSG 

5 skilled workers can build a wall in 20 days: 8 semi-skilled workers can build a wall 

in 25 days; 10 unskilled workers can build a wall in 30 days. If a team has 2 skilled, 

6 semi-skilled and 5 unskilled workers, how long will it take to build the wall? 
(GATE 2010) 

(a) 20 days (b) 18 days (c) 16 days (d) 15 days 

Which of the following options is the closest in meaning to the word circuitous? 
(GATE 2010) 

(a) Cyclic (b) Indirect (c) Confusing (d) Crooked 
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*35. Choose the most appropriate word from the options given below to complete the fol- 


*36. 


*37. 


lowing sentence: 


If we manage to our natural resources, we would leave a better planet for 
our children. (GATE 2010) 
(a) uphold (b) restrain (c) cherish (d) conserve 
The question below consists of a pair of related words followed by four pairs of words. 
Select the pair that best expresses the relation in the original pair. (GATE 2010) 
Unemployed: Worker 

(a) fallow : land (b) unaware : sleeper 

(c) wit : jester (d) renovated : house 

Modern warfare has changed from large scale clashes of armies to suppression of civilian 


populations. Chemical agents that do their work silently appear to be suited to such 
warfare; and regretfully, there exist people in military establishments who think that 
chemical agents are useful tools for their cause. 


Which of the following statements best sums up the meaning of the above passage? 
(GATE 2010) 

(a) Modern warfare has resulted in civil strife. 

(b) Chemical agents are useful in modern warfare. 

(c) Use of chemical agents in warfare would be undesirable. 

(d) People in military establishments like to use chemical agents in war. 


a oorr ron aq e® 


fe) 


2. b 3. c 4. b 
6. c 7.a 8. a 
10. d ll. a 12. b 
14. a 15. d 16. b 
18. c 19. a 20. b 
22. ¢ 23. a 24. c 
26. d 27. d 28. c 
30. d 31. c 32. b 
34. b 35. d 36. a 
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Exmos | 


1. Inexplicable means baffling or incomprehensible. 


1 
2. log P= 3 log Q implies P = Jo OEP =O ap Equation © 
1 
log P= 3 log R implies P = UR or P? = R ------------ Equation @ 
Squaring both sides of equation ©, P* = Q” 
PP =Q 
RP =Q 


3. The verb should be in ‘ing’ form. 
4. Restrained means ‘to keep in check or under control.’ 


5. Either Split or Separate could be correct depending on the usage context. In the absence 
of a context, Split seems to be a better choice. 


6. ‘Causes of death’ is not of direct relevance to this topic. 
. (Growth x Potency x Toxicity) is highest for P. 
8. Let T be the total cost. 

100 


oo | 


T=V+F=4q+t 


q 
ia 4 au GU. 0 implies g = +5. 
dq q dq 


2 
aT 2000 when q = 5. 
dq 

9. Let backlog = b trucks and daily order = d trucks. Note that b and d can be fractions. 
7 trucks per day, 4 days imply b + 4d = 28 
3 trucks per day, 10 days imply b + 10d = 30 


1 80 
Solving, we get, d= 3 and b = 3 
80 5 85 
Truck load accumulated in 5 days is a + 3 = oa 
85 
If y is the number of trucks required per day to clear this freight, 5y = za 
: 17 
Solving, we get, y = a 
So 6 trucks are required per day. 
10. Original amount of spirit = 10 litres 
After first step: 10-1 =9 litres 
After second step: 9- = = 8.1 litres 
i 8.1 ; 
After third step: 8.1 — J0 ~ 7.29 litres 


11. 


12. 
13. 
14. 
15. 


16. 


17. 


18. 
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Production cost for q units is 5q°. Sell price for q units is 50q. 
Profit in selling q units = Sell price for q units — Production cost for q units = 50q — 5g 
Let us denote this by the profit function, P(q). We need to maximize P(q) = 50q — 5q° 
Pq) =50-10g=0>q=5 
q = 5 corresponds to the maximum value because when q = 5, P”(q) =—10 which is less 
than 0. 
Replace despite by its synonym in spite of. 
Mitigate means to lessen in severity. Diminish is closest in meaning. 
Option (a) is the most appropriate. Use that in restrictive clause. 
There is no direct or indirect reference to any gender. Whether this posting makes it 
attractive or not depends what you are looking for. For example, for a person who can 
work only part time or wants to have a firsthand feel of the demands of this job, this 
posting will be appealing. This may not be appealing for a person wanting to make a 
living out of this job. 

2 


At maxima, D will be 0 and ey will be negative. ay = 2-(0.1)(2)x = 0 implies 
ax ax ax 
x= 10. s 
When x= 10, 2 =-0.2 <0 
dx 


So, maximum possible height is attained when x = 10. The height will be 2 (10) — (0.1) 10° 
= 10 meters. 


Use Bayes’s theorem. 

Let A,, A, be the events that the chosen absorber is produced by X and Y respectively. 
P(A,) = 0.6 and P(A,) = 0.4. Let B be the event that the absorber chosen is reliable. 
P(B/A,) = 0.96 and P(B/A,) = 0.72. 

The probability that a randomly chosen absorber which is found reliable is made by 


Pae $ 
Y = P(4,/B) = 2 


B B 
Pae =] rae E 


: 0.4* 0.72 
(0.4 * 0.72) + (0.6 * 0.96) 


= 0.333333 = 0.334 


Statement P is correct—If each entry is increased by a constant then the mean is increased 
by the same constant. 


Statement Q is wrong—Standard deviation is independent of change of origin implies 
it remains the same. 


Statement R is correct—If each entry is multiplied by a constant then the mean is mul- 
tiplied by the same constant. 


Statement S is wrong—Standard deviation is not independent of change of scale. 
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Look at the first character in each term — A <Skip 1> C <Skip 2> F <Skip 3> J. The next 
term should skip 4 to get O. Look at the second character in each term — D <Skip 2> 
G <Skip 3> K <Skip 4> P. The next term should skip 5 to get V. 


This term is used in astronomy. Zenith is the appropriate antonym. 
In a sense, “Universalism” and “particularism” are antonyms. 
The sequence does not end but the maximum sum is 2 +4+6 +... +44 


2+4 _ 


= 22 506 


Use “would” in subjunctive mood. 
The pronunciation of “European” does not begin with vowel sound. It should be 


“a European”. 
1 Vn—- n+l Vn -.J/n+1 


1 a 
= 1 == 
Jn+ In+1 Vn+Jn+1 Vn—-Jn+1 —1 a$ vn 
The given summation can rewritten as, 


(2 =i) + (W3 =/2)4 (4 4/3) +... 4 (81 —4/80) = (V81=s1) = 91 = 8 


There are 90 two-digit numbers of which 13 are divisible by 7. Therefore, the number of 
two-digit numbers not divisible by 7 is 90 — 13 = 77. The probability that the selected 


number is not divisible by 7 = z 


The moral of the story is obstacles can be overcome by being persistent. 


Let d be the total distance covered by the tourist. 


Sege Distaner 
Time d d d 
g 2 m 
Time taken by car = 2- —; Time taken by bus = 4. Time taken by cycle = 4 
60 120 30 10 
Avenge Sade Total distance traveled _ d = 24 km/h 
Total time taken d J d a d 
120 120 40 


Let n,, d}, h,, and w, be the current number of persons, number of days, number of hours 
per day and wages per day per labor. Then n; * d * A, * w; = 13,200. 

Let ny, dy, hy and w, be the new number of persons, number of days, number of hours 
per day and wages per day per labour. The labour wages per day increases by 1/5 of 
the current wages implies w, = 6/5 w,. The working hours decrease by 1/24 of the 
current period implies n,* d, * h, = 23/24 n, * d, * hy. 

Hence, the new cost of erection = ,* d, * hy * w, = 23/24 * 6/5 n, * d *h, * w, = 
23/20 * 13,200 = 15,180. 

Let n(H) denote number of persons who play hockey. Let n(F) denote number of persons 
who play football. So, n(H L F) represents the number of persons who play hockey or 
football or both. 
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n(H O F) =n(A) + n(F) — n(A a F) = 15 + 17- 10 = 32 — 10 = 22 
The number of persons who play neither hockey nor football is, 25 — 22 = 3. 
You can also solve by using Venn diagrams. Find below the Venn diagram. 


Football 


Fig. 18.2 


31. The addition is octal addition. 

32. By (ii) G and S should come together as GS or SG. Hence, (a) is eliminated. 
In (c), Z > G and S > H. Hence, Z + S > H + G which is a contradiction to (i). Hence, 
(c) is eliminated. 
In (d), Z > H and S > G. Hence, I + S > H + G which is a contradiction to (i). Hence, 
(d) is eliminated. 

33. Efficiency = work completed in 1 day = 1/100 for skilled, 1/200 for semiskilled and 
1/300 for unskilled. 
Work completed by 2 skilled, 6 semiskilled and 5 unskilled in 1 day = 2/100 + 6/200 
+ 5/300 = (12 + 18 + 10)/600 = 1/15. 
Number of days to complete = the reciprocal 15. 


34. Circuitous means not direct or roundabout. 

35. Conserve means preserve. 

36. Option (a) is closest. Fallow land is uncultivated land, although land doesn’t imply that it 
is cultivated (it is more general). The relation between unemployed to worker is almost 
an antonym, and others are not close in that aspect. 

37. A- There is no basis for this implication. 

B- Option C better sums up the meaning of this passage. 
D- It is a generalized statement, when only some people like to use. 


